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INTRODUCTION © 


This paper, describing the open-cut mining, milling, and cyaniding 
Methods and costs at the Yellow Aster gold mine, is one of a series being 
prepared by the Bureau of Mines on similar practices in the United States. 
It is presented primarily to show methods and costs of mining aad treating 
low-grade gold ore on a large scale. 
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The Yellow Aster mine, mill and cyanide plant are situated at Randsburg, 
Kern County, Calif., 42 miles northeast of Mojave and 11 miles from Searles, 
the nearest railroad station. Most of the supplies are hauled 147 miles by 
truck from Los Angeles. 


The property lies at the northeast end of the Rand Mountains at an 
altitude of about 4,000 feet. A semiarid climate permits operation without 
difficulty all year. 


ACKNOWLEDGMENTS 


Acknowledgment is made to the executives of the Anglo American Mining 
Corporation, Ltd., for permission to publish this paper, and to members of 
the company staff for their assistance in its preparation. 


HIS TORY 


The properties of the Yellow Aster mine are owned by the Yellow Aster 
Mining & Milling Co., of Los Angeles. Early in 1933 the Anglo American Min- 
ing Corporation, Ltd., of San Francisco, obtained a lease and option to pur- 
chase these properties. : 


Gold was first discovered on ground near the present glory hole in 1895 
by three prospectors ~ Singleton, Burcham, and Mooers. The mine was named 
"Yellow Aster" after a novel that one of the prospectors was reading at the 
times Rich float was abundant, and dry washing was conducted on Olympus Hill 
with profit soon after the discovery. The first development was on Olympus 
Hill and in the old Trilby workings. | 


Ore was first treated in small mills at Garlock 8 miles distant, where 
water was available. Later it was shipped to Barstow and treated ina 
custom stamp mill there. In the latter part of 1898 a 30-stam mill was 
erected near the mine, and in 1901 a 100-stamp mill was built on the opposite 
Side of the gulch. 


' From the time of discovery to 1905 most of the vre was mined from the 
veln system. Ore was mined principally from open stopes with pillar or stull 
support and from square-set stopese In 1905 glory-hole mining was begun, and 
most of the tonnage was produced by this method until the latter part of 
1918, when the mine was closed. About 1916 the 30~stamp mill was abandoned. 
Harly in 1918 a new crushing and screening plant was built, and the fines 
were gent to the 100-stamp mill, but after about 4 months the mine was shut 
dom. <A few years later the crushing plant was destroyed by fire. 


In 1921 the mine was reopened under the leasing system, and the ore ~ 
treated in the company mill. At this time the FO stamps on the east side of 
the mill were abandoned, leaving only those on the west side in operation. 
In 1926 the company began mining and milling in conjunction with the lessees 
and continued until October 1933, when the property was taken over by the 
— American Mining Corporation, Ltd 
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During this period inside battery-and-plate amalgamation was used for 
recovering the gold. Most of the ore passed through 4O-mesh battery screens, 
and the amelgamation-plate tailings were deposited on the hillside below the 


As soon as the present operators took over the pronerty the mill was 
closed for remoceling. A new crusher, vibrating screen, conveyors, and other 
equipment were installed and the 50 idle stanps repaired. Flotation equip- 
ment was added to treat the amalgamation tailings, and the plant resumed 
operation in January 1934, 


The flotation of the amalsamation-plate tailings was not very successful, 
and after about 14 months the flotation plant was closed, amalgamation only 
being used as before.s 


In the fall of 1934 the Anglo American Mining Corporation, Ltd., acquired 
control of the old stamp-mill tailings and the following year built a sand 
end slime cyanide plant having a combined capacity of 1,100 tons per day. 
Current stamp-mill tailings were sent to this plant for further treatment. 


In Septenter 1936 it was decided to rebuild the crushing and screcning 
plant so that two-stage crushing and screening could be done and a smaller 
undersize product sent.to the stamp mill. This plant was operated in con- 
junction with the stamp mill from November 1, 1936, to March 1, 1937. Results 
from the mill runs and tests indicated that a larger tonnage would have to 
be handled to make the plant profitable. Mining and milling were suspended 
in March 1937 and plans made for larger-scale operations. 


Since January 1934 production has originated from selective mining in 
veins, from glory holes, and from old square-set stope fills, pillars, and 
walls, Before crushing, most of the ore was passed over grizzly bars spaced 
3 to 4 inches apart, and the oversize was discarded as waste. 


PRODUCTION 


From 1895 to May 1, 1939, the records show that slightly more than 
3,400,000 tons of ore were milled, which yielded about 500,000 ounces of gold 
valued at $12,000,000. Virtually all of the gold was recovered by amalgama- 
tion, with only a minor amount by flotation. 


Impounded and current mill tailings treated by cyanidation to date amount 
to 1,700,000 tons with 41,000 ounces of gold recovered. 


GEOLOGY ACD ORE DEPOSITS 


The mine lies in a granite-schist complex near the summit of the Rand 
Mountains. The ore bodies occur in granite that has intruded the schists. 
The granite includes small to large islands of schist that have been broken 
off and dragged in from the parent rock. Some of the flat—dipping falts 
that characterize the area immediately surrounding the mine may have had con- 
siderable movement. Three of these faults mainly limit the ore deposits; 
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one called the Jupiter forms the hanging wall; enother, the Hercules, forms 
the northeast side; and a third, the Security, forms the foot wall. The 
Jupiter fault dips 35° to 45° to the north, and the other two dip at about 

the sme angles to the northeast, The ore~bearing area within the triangular- 
shaped fault block roughly gives an over-all length of 1,200 feet and a 
maximum width of 800 feet. Intruding these rocks is a series of faulted 
rhyolite dikes that are closely associated with deposition of the gold. fFlat- 
dipping schists on the east, north, and northwest overlie both the granite 

and the ore bodies. 


Although the gold occurs mainly in the granites, minor deposits have been 
found in the schists. Three main types of ore bodies are found: (1) Deposits 
along fault zones, (2) stockworks in granites, and (3) fissure veins contain- 
ing some quartz. Virtually all of the ore bodies have a northwesterly strike 
end a vertical or northeasterly dip. They occur at intervals of 20 to 100 
feet or more. Most of them are only a few feet wide, but some are over 50 
feet wide. The bulk of the ore mined has come from the oxidized zone. 


The gold which is generally free is accompanied by a little pyrite and 
arsenopyrite anc some scheelite. Quartz and calcite are scarce. Some of the 
gold is coarse. High-grade ore is found in pockets and some of the smaller 
stringers. The gold is distributed erratically, making accurate samling 
difficult. Silver occurs in the ore in the ratio of 1 ounce of silver to 3 1/2 
ounces of gold. 


Nearly all of the ore-bearing granites are oxidized and somewhat soft; 
the gold generally lies in the small fractures and joint planes of the rock. 
when blasted or crushed, the rock breaks along the planes of weakness and re- 
leases the gold with the fines, while the harder, unaltered granite breaks 
into larger pieces carrying minor quantities of gold. ‘These rock character- 
istics make it possible to raise the gold content in the undersize by stage 
crushing and screening and discarding the oversize. This process is 
economical only with low-grade ore. 


POWER 


Electric power is purchased from the Nevada~-California Power Corporation. 
This power, which is 3-phase and 60-cycle, is transmitted to the Randsburg 
substation at 90,000 volts from hydroelectric plants near Bishop and Mono 
Lake. From the Rendsburg substation it is transmitted two-thirds mile at 
33,000 volts to the 1,500-kv.-a. Yellow Aster substation, where it is stepped 
dowmm and delivered to the cyanide plant and mill at 2,400 volts. At the 
cymide plant and mill it is again stepped down to 480 volts by a 450-ky.-a. 
and a 300<{kv.-a. transformer, respectively. At the mill and mine all motors 
of 150 horsepower or larger use 2,400-volt current. Transformers for reduc- 
ing voltage from 480 to 120 for lights and other accessories are situated at 
convenient places, 


Power for the Goler water system comes from a 33,000-volt line and is 
stepped down at each pump station to 440 volts. 
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For the year ended May 1, 1939 the total actual power for all operations 
averaged 1,443 horsepower for a connected load of about 2,000 horsepower, 
Energy consumption averaged 548,855 kilowatt-hours per month, giving a load 
factor of 7O percent. The demand and energy cost for this period averaged 
9.1 mills per kilowatt—hour, 


WATER SUPPLY 


| Water for mining and milling is pumped from wells near Goler, 7 1/2 miles 
distant, and just southeast of the Garlock fault. The main well called "Nev 
Well" is drilled amd cased to a depth of about 500 feet. A 29-bowl, 10-inch 
L. C. Pomona deep-well turbine, direct-connected to a S0-horsepower 1,160- 
Ye Pe me motor and having a capacity of 375 gallons per minute, delivers 
water to a 21,000-gallon tank. From this tank it is pumped in four relays 
through 6.9 miles of 6-inch casing to a 600,000~gallon reservoir at Randstug 
by high-speed Cameron centrifugal pumps direct-connected to motors. 


Data from tests made on these relay pumps, with discharge valves wide 
open, follow: 


Data on relay pumps, July 23, 193/ 


Speed, | Capacity 4Pressure JInput |Motor, 


ocerren Yo De Me] Ze Po Me | POUNdS 


Stages 


New Well .césses 
No. 1 relay... 


Now 2 relay... 
No. 3 relay... 


The pumps are throttled down to a capacity of 300 gallons per minute, 
end each relay pumps from a steel tank. A float switch for automatic start- 
and-stop control is used on all relay pumps and the turbine, 


Water from the Randsburg reservoir is pumped through one-half mile of 
8- and 6-inch casing to another reservoir at the mine level holding 86,000 
gallons. For this lift a two-stage, high-speed, Cameron centrifugal pup 
direct-connected to a 75-horsepower motor is used. Water for the various 
operations is distributed from the mine reservoir. 


The distence pumped totals 7.44 miles with a static head of 1,470 feet 
and a friction head of 1,240 feet (a total nead of 2,710 feet). For the year 
ended April 30, 1939, an average of 9,265,000 gallons per month was consumd 
by all Yellow Aster operations. All pumping plants are under the care of or 
pumpman. 3 
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Water for domestic use is purchased from the Randsburg Water Co., 
which pumps from wells 5 ije miles northeast of Rendsburge 


PROSPECTING AND DEVELOPMENT 


The mine has been developed to a depth of 800 feet below the highest 
point of the outcrop (altitude 4,425 feet) by about 15 miles of adits, shafts, 
drifts, crosscuts, raises, md winzes. No standard level interval has been 
used; the greatest is 135 feet. The Rand level, on the floor of the glory 
nole at an altitude of 3,965 feet, is the main haulage level. The workings 
below the haulage level are reached through tw incline shafts called the 
Rand and Hercules and through the Rand Vertical shaft. 


The rim of the big glory hole is about one-fourth mile long by one- 
eighth mile wide, and the maximum height above the floor is 400 feet. Many 
of the old underground workings are exposed in the face, and some have long 
since been removed by the glory hole. 


Diamond drilling has been done to prospect for new ore bodies below the 
glory-hole floor. About 50 holes were drilled in 1907 and 1908 and 16 holes 
in 1934 and 1935. This work did not reveal any important ore bodies. 


Development in the lowest workings indicates that the present ore shoots 
have been bottomed and that there is a slight increase in sulfides. Further 


development down the northerly dip of the granite intrusive may expose other 
ore shoots. 


SANPLING AND OHE ESTIMATION 


Various methods of sampling and estimating ore have been used in the 
Past. However, the spotty character of the ore makes accurate sampling 
difficult. In development and stoping cut and grab samples were panned or | 
assayed, or both, one serving as a check on the other. Panning was a quick, 
Practical means of determining roughly the grade of the ore. Samples for 
panning were pounded in mortars with old air-operated piston drills strapped 
vertically to posts. Grab samples generally were taken of the coarse and 
fine material in the stopes, glory hole, and cars. Several thousand cut 
samples were taken in the development workings and stopes. Sampling by 
diamond drills did not prove satisfactory. Sorting by sight can be relied 
won only for removing barren schist and hard-gray granite. 


‘The difficulty of obtaining accurate samples precludes accurate estima- 
tion of ore tonnages. A face of good ore may become noncommercial ina 
Tound or two and vice versa, Generally the ore must be followed as closely 
28 possible with panned and assayed samples as guides. For selective mining 
considerable development was required to maintain the ore reserves. 


Tne most reliable method of determining the value of large sections of 
very low grade ore was a mill run followed by a clean-up, At various times 
Since the fall of 1933 the present company has tested sections of the mine 
above and below the floor of the glory hole by this method. Comparatively 
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large tonnages were mined or dravm from mill holes, old stope walls, pillars, 
and fills and sent to the crushing plant. Tne rock was crushed, and the 
screened oversize and undersize were weighed and thoroughly sampled. The 
ore in place, or valve before crusning and screening, was calculated from 
the weights and assays of the two screened products. Any oversize rock 
discarded at the mine grizzlies was cousicered in the csimlation. The over- 
size was discarded as waste, and the final screen wdersize was sent to the. 
stamp mill wnere a check was obtained on the undersize-product sampling by 
cleaning up the amalgam and assaying the amalgamation tailings for a certain 
mumber of tons milled. Tre results checked closely, although the mill - TUBS 
showed a slightly higher ‘Value than assays of the undersi ze... 4 : 


After many thousands of tons of rock were texted by mill runs, the pattie 
and tonnage of certsin sections of the mine above and below the floor of the 
glory hole were estimated. The estimates indicated several million tons of 
ore averaging about 0,020 ounce of gold per ton in place, the screened fines 
from wiich would assay wp to 0.061 ounce of gold per ton. 


The possibility of stripping the barren overburden to mine the underlying 
ore has becn considered, end surveys and calculations have been made. 


Old. mine dumps west of the mill contain about 1,300,000 tons of material. 
Thorough sampling of the surface shows an average grade of 0.024 ounce of gold 
per ton. A higher-~egrade product also can be screened from these dumps. 


SELECTION OF iINING AND MILLING METHODS 


Selective mining had reached a point where no profit could be made on 
the remaining ore, and unless new ore wdies were found this method of mining 
head to be discontinved. Hill holing as practiced in the past or any system 
of undergrounc mining would be too costly even on a large-tonnage basis. 
Tests of stage crushing and screening indicated that a profit-could be made 
if a large tonnage were handled. end mining costs were very cheap. 


It was decided that open-pit mining with power shovels and truck haulage 
would be the most flexible and cheapest method. Plans were made to begin 
mining on the present flocr of the glory hole and to mine first all ore above 
the floor that was not covered by barren overburden. Large islands of schist 
would be mined separately when possible. This method would necessitate a 
bank or single bench with a maximum heizht of about oe feet and the use of 
toe holes end coyote blasting. 


Before mining could be done below the floor of the glory hole, waste 
overlying other ore would have to be stripped. The large mine dumps could 
be mined by a shovel at any convenient time... . : 


Some screening of low-grade ore has been practiced at the Yellow Aster 
mine for a long time. When the early operators were mining in the glory hole, 


quarry forks, with tines about 1 inch apart, were used to separate the fines 
from the coarse material; the latter was discarded as waste. On the transfer 
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Figure 1.- Plan of Yellow Aster pit. 
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levels just below the mill holes, heavy grizzly bars were set 6 inches apart 
and coarse hard granite and schist sorted out. At times, ore hoisted from 
underground workinzgs was passed over grizzly bars placed over the shaft bin. 
These bars were set 3 to 4 inches apart, and the oversize was discarded. 
Laboratory screening tests, as well as tests in the large crushing and screen- 
ing plant built in 1918, showed that stage crushing and screening of low 
grade ore were feasible. 


Part of the time from January 1934 to September 1936 single-stage crush- 
ing and screening were practiced on low-grade rock, and the oversize from a 
screen with 1 1/2-inch square openings was discarded as waste; the undersize 
was delivered to the stamp mill. Approximately 128,000 tons of rock were . 
crushed and screened during these test runs; the results showed that pepPEneee 
crushing and screening and a smaller undersize product were eeoeoates 


A two-stage crushing and sereenine plant was built, and from Yovember 
1936 to February 1937, inclusive, 4g,000 tons of rock were tested, the 
smaller undersize material being delivered to the stamp mill as before. 
These tests indicated that the secondary or final screen.should have either 
1/4 or 3/S-inch square openings to bring the undersize up to the desired 
grades 


Requirements at the cyanide plant called for a minimum of slimes, and 
to accomplish this it would be necessary to pass the fine ore through the 
classifier first and overflow as much material as possible before it reached 
the ball mill. 


At times coarse gold is found that requires long contact with cyanide 
solution for proper extractione This situation could be handled by removing 
the coarse gold by jigs and tables before delivering the pulp to the cyanide 
plant and by amalgamating the concentrates. 


MINING 
General 


Mining is done on contract by the Macco Construction Co., of Clearwater, 
Calif. The contractor mines and delivers ore to the crusher bin and waste 
to the mine dump with nis own equipment. 


Open-cut mining was begun in January 1938, but before any wrk could be 
done in the glory hole itself it was necessary to cut a roadway through the 
Del Rey pillar to bring equipment into the pit. About 25 percent of the rock 
excavated from this cut was hard gray granite, which was hauled to the mine 
dum as waste. Figure 1 shows a surface plan of the pite 


After the floor of the pit and old slides were cleaned, toe-hole blast- 
ing was begun on the exposed banks. The soft character of the rock, the 
slips paralleling the face, and the weight of the high banks cause slow-moving 
slides to settle into the pit. This condition is continuous, and sometimes 
a slide can be started by digging into the toe with a shovel. When necessary, 
ei blasts are used to break large tonnages. Large boulders are block- 
oled, 
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- Conditions are favorable for low drilling and blasting costs and for 
hauling, as the floor of the pit is on a level with the top of the crusiix 
vlante 


. 


Drilling and blasting 


Compressed air for drilling is furnished by two portable Gardner-Dave 
model W. B. Ge compressors driven by 2,007 Caterpillar-Diesel, 75-hor senve 
engines using 27°plus Diesel oil. Each compressor has a capacity of 3 
cubic feet of free air ver minute and maintains a pressure of 90 to 100 pomé: 
The auxiliary gasoline engine for starting is run 2 to 10 minutes. These 
compressors are mounted on trailers equipped with pneumatic tires and alr 
brakese When only toe holes and boulders are being drilled one compresswr 
is used, but when coyote drifts and crosscuts are also being driven two com 
pressors are required. 


Toe holes are drilled with a model 17D Gardner—Denver drifter mounted 
on a type WDA-10 Cleveland wagon drill. ‘The wagon drill has an air feed vith 
@ 10-foot travel. Drill steel (1 1/4-inch hollow-round) ranges in length 
from 6 feet for starters to 26 feet for the longest finishers. Timken de 
tachable cross: bits are used with 3 1/2-inch-gage starters and 1 1/2-inch- 
gage finishers. Coyote drifts and crosscuts are driven and boulders pluggei 
with unmounted Gardner—Denver §55 jackhammers. One-inch, hollow, hezagozl 
drill steel is used with Timken detachable Carr bits. All drilling is done 
ary. 


. Bits are sharpenod with an Inzersoll- Rand J. A. 4 grinder, using a flat 
and a V-faced emery wheel. A bit can be sharpened an average of three tines. 


Too holes up to 30 fect deep are drilled in the part of the face tht 
offers the best opportunity for drilling and breaking. Usually drilling is 
confined to ridges and noses of hard mterial. Breaking the kcy sections 
brings down large tonnages from above and on cither side. Overhanging points 
in the face that appear dangcrous aro oroken by, placing explosives in cracés 
or at other advantageous points. : 


Usually toe holes are sprung and blow out threc or four times to form 
a chambers Springing is done with 1 1/8 by 8inch, 60—~percent-strengta 
Gelamite No. 1 and 1 1/4 by 12-inch, 45-percent-strength Gelamite Noe 2, 
using No. 6 instantaneous electric detonators fired with blasting mchines 


After the holes are chambered the pocket is loaded with Her-culite 20- 
percent~strength bag powder by a powder loader. The loader comprises 4 °F" 
funnel attached to 3/4-inch standard brass pipe in 6- and 12=foot lengths. 
(See fig. 2.) A jet of compressed air forces the powder through the ae 
the end of which rests a short distance from the bottom of the hole; 5% 
pocket fills the pipe is gradually withdrawn. The load is set off by 8 Pf" 
made of a stick of Gelamite No. 2 and a Noe 6 instantaneous electric detom 
Occasional holes, inclined upward, are loaded with Gelamite Noe Ce 
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Figure 3.~ Plan of coyote blasts Nos. 1 and 2. 
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Coyote blasting is done in sections of the pit wnere the bank is too 
high for toe holes and no sliding occurs. The work comprises driving adits 
end crosscuts 4 feet hich by 3 1/2 feet wide with floor pockets where desired. 
Figure 3 shows a plan of coyote blasts 1 and 2 which were shot together. 
Each coyote had three floor pockets 4 feet wide, 5 feet long, and 4 feet deep. 
The pockets were large enouzh so that. the entire charge could be loaded 
below the floor of the crosscuts. ‘The adits averaged about 54 feet long, and 
the crosscuts were about 25 feet in one direction and 32 feet in the other | 
from the center of the tunnel. 


Drilling in comparatively soft oxidized granite was done with unmounted 
jackhammers. <A crew of two men on each 8-hour shift drilled, blasted, and 
mucked out a full round or more per shift. Generally seven holes were 
drilled per round. These usually broke clear to a depth of 4 to 5 feet. 
Blasting was done at any time during the shift with Gelamite No. 2, using 
fuse and No. 6 blasting caps. The spoil was hauled and dumped near the 
portal of the adits by wheelbarrows. 


When the adits, crosscuts, and pockets were completed preparations were 
made for loading. No. 12 rubber—covered wire fastened to pegs and nails in 
the roof of the adits and crosscuts extended down into the pockcts. A primer 
was placed in the bottom of each pocket. The primer comprised three sticks 
of Gelamite No. 2, each of which contained one No. 6 instantan-ous electric 
Cap wired in parallel. The sticks were made into a bundle and placed in a 
box of Gelamite No. 2. The leg wires of the electric caps were cut to 30 
inches and attached to the No. 12 wires. One end of the box was notched to 
allow the wires to protrude and the cover nailed on tightly. Champion 5- 
Percent bag powder and Herco black blasting powder were loaded loose around 
and on top of the primer box and the workings backfilled with spoil to within 
10 feet of the tunnel portal. Both coyotes were wired in parallel and shot 
simultaneously with 440-volt electric power from a switch at the machine shop. 


The two coyote blasts contained 300 pounds of Gelamite No. 2, 10,000 
Pounds of Champion bag powder, and 27,750 pounds of Herco black powder, or a 
total of 38,050 pounds of explosives. Approximately 120,000 tons of rock 
were broken, or 3.2 tons per pound of explosive. The shot was loaded heavily 
because of. its proximity to old adits and stopes. The material was well 
thrown out and broken. Table 1 gives data on the coyote blasts. 


Boulders in the pit vary in size and occasionally weigh as much as 150 
tons. A large part of the drilling time is spent in blockholing boulders that 
are 30 inches or more in dimension. Sometimes as many as three jackhammers 
ere used on this work. The depth of the holes drilled varies with the size of 
the boulder. Shooting is done with Gelamite No. 2, using fuse and No. 6 
blasting capse 
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TABLE 1. - Coyote blasting data 


Vertical 
Interval] height Distance Powler load, pounds 
Pocket No. ctetween abuve pocket as 
pockets, puz-et, to race, Gelanizve| Chuvpion| Black jZo tal 
feet feet feet No. 2 bag  |dlas ting72~° 
Coyote 13 
Dceeces =} | 125 62 50 8,05 
ea caser nm 125 B5 50 6,050 
Baccus 4 118 55 50 B05 
Coyote 23 a 
| Leccnave 50 58) 50D 
rer 25 50 50 4 e05 
per es ee, 52 0 6,050 
otal. +sssssisssessssssssssssassessss| 500 | 20,000 | 27,7 | 38,05 


pxcavation 


After blasting a bulldozer cleans the floor of the pit and pushes the loose 
scattered material ageinst the toe of the bank. It is also used to clean wp 
around the shovel and maintain roais. ‘The bulldozer operates about 11/2 hours 
per shift. It is a Caterpillar-Diesel tractor, ROS, equipped with a 1l2-foot 
angle-dozer blade ane driven by a 90-horsepower envine using 27°-plus Diesel oil. 
An auxiliary gasoline engine is run frome to 10 minutes at each start, dependizs 
on atmospneric temperature. 


A Model-SO Northwest shovel with a 2 1/2-cubic-yard dipper is used for loai- 
ing. It is operated by a 110~horsenower engine burning 35°-plus stove oil; the 
engine is started on gasoline. The dipper is equipped with four teeth having 
manzgenese steel shanks and removable "hi-carbon-steel" points, Worn shanks are 
built up with alternate layers of stainless and "hi-carbon-steel" and coated with 
cast iron. Shans require building up every 2 or 3 months. The life of a set of 
steel points is ahout 15 deys. They are discarded when worn out. A gasoline- 
engine-driven, 1,500-watt, 110-volt, Kohler electric plant provides power for ire 
two 250-watt headlights and other lights on the shovel. The actual number of 
hours the dipper operates is recorded by a Model-K Servis recorder attached to 
the side of the shovel cab. 


Several gallons of gasoline are used for starting, and 50 gallons of stove 
oll per @-hour snift are used to run the shovel engine. 


The shovel faces the bank and loads the trucks alternately on each side. 
As one truck pulls away another is already in place. In the softer places con- 
siderable digging can be done by the shovel without blasting. 


Boulders of schist and gray granite are considered as waste and at first 
were dumped into an old glory hole in the floor of the pit. When the hole was 
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filled the waste was hauled to a waste dump nearly one-fourth mile distant. 
Waste boulders are set aside by the shovel. When too large for loading into 
trucks, they are block-holed. The quantity of waste handled in the pit has 
ranged from less than 100 to more than 6,000 tons per month. Surface boulders 
of yellow granite are blasted ahead of the shovel; others are set aside by 

the shovel for block holing. Rock smaller than 30 inches in maximum dimension 
is sent to the crusher; some blasting, however, was required at the receiving 
grizzly. Later the grizzly was abandoned. 


Transpor tation 


Hauling is done in four remodeled, 3 1/2-ton, six-wheel, International, 
gasoline-driven, end-dump trucks. The original frame was built up and the 
zear ratio cut down so that the trucks now carry 9- to 10-ton loads. Seven 
trucks are on the job; three are-ready as spares or are under repair. The 
trucks are old end have been amortized on previous jobs: however, they serve 
the purpose as the haul here is short and virtually level. 


The average hauling ad atande: eon: ‘the ore is 1,350 feet and for waste, 
1,150 feet; the roadbed is maintained with the- eae 


Trucks are driven at a relatigaly high speed; a round trip, exclusive of 
loading, requires about 3 minutes. Occasionally, when four trucks are in use, 
10 loads can be hauled in 15 minutes; the average without interruptions is 10 
loads in 19 minutes. From November 1938 to January 1939, when two 8-hour 
shifts per day were worked, an average of 2,975 dry tons of rock was mined 
per working day. Of this anount, 2,900 tons were hauled to the crusher and 75 
tons to the waste dump. When the mill bin is filled with fines, ore hauling 
and crushing are stopped; when the mill bin is low, the mining and crushing 
crew work overtime. 


A truck uses 2 1/2 gallons of gasoline per hour, and a set of tires lasts 
about 6 months. 


Weighing 


All trucks, whether loaded with ore or waste, are weighed on 30-ton, 
type-S, Fairbanks Morse autotruck scales equipped with dial and printomatic 
weigher and a bank of nine designating numbers. The scale platform is 10 feet 
wide by 28 feet long. Trucks do not come to a complete stop when being 
weighed. Just before they arrive at the platform the scaleman presses a 
designating—number button corresponding to the number on the truck. When the 
front wheels of the truck are on the platform operation of the dial begins, 
and the printomatic button is pressed when all wheels are on the platform. 

The truck number and weight are printed on a tape. Tare weight of the trucks 
1s taken once a shift, or when desired. 


The weigher has a printed form, which he makes out in triplicate, showing 
the load and truck number; gross, tare, and net weight; time; and remarks. 
Ivery tenth truck load is subtotaled. The weigher's wages are paid equally by 
the contractor and the company. 
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Pit and road lights 


The pit is lighted by two 1,000-watt leO-volt lights attached to a 
pipe frame 13 feet high mounted on skids. The frame is dragged to the desired 
location by the bulldozer and pulled back to a safe place before blasting. 
The lights have 26-inch-diameter aluminum reflectors. Two~—hundred-watt, 
l20—volt lights are placed at intervals along the road and at the ore bin. 
Tne face in front of the shovel is lighted by the shovel lights. 


Pit labor 


An operating crew for two 8-hour shifts per day comprises the following 
mens 


SCALEMEN wis. 5.:ocaers-ace 1s Gis eiere- oie wares 6 
Shovel operatorsececessccscces 
Shovel Of LeOLGsacew pees eee eee 
Truck CYL VGYlS 666 665.c6o0 ows sews 
DELIV YS sos sto ws ews eure ees 
Powe rManeccocevevcsevcscvecs 
Coyote Mine TSscvccccccccescece 
GTi S71 YMeEN bowb ds eee een we twseee 
MG Ch anle Scie kh o3 eC eneese tess 
HOF GMS 4-6 5:4 owe ee sdweeewwc< ere 
UGG 8 oi ce ioe wish eo a ae 


Qaie* fro M OVE’ fo O©P NO fo 


Grizzlymen were not used after the grizzlies were discarded. Coyote 
miners are employed only when coyote blasting is done. The bulldozer is 
operated by any available number of the crew. 


PLANT CONSTRUCTION AND COST 


After all data from mill tests were tabulated a flow sheet was made and 
plans were drawn for a 300-ton—per-—hour-maximum-capacity crushing and screen- 
ing plant and a 550-ton-per-2l4—hour-capacity grinding and classifying unit. 
Later, the capacity of the grinding unit was increased to 1,000 tons by putting 
the ball mill in open circuit with the classifier. 


The contract for construction of the plant was given to the Western-Knap 
Engineering Co., of Sa Francisco, on a cost-plus basis. Most of the purchased 
equipment was new, with the exception of the large jaw crusher and motor, ball 
mill, and some belt—conveyor parts. <A few large and small motors, some con- 
veyor parts, the concentrating table, and the thickeners, which had been used 
in the old mill, were installed in the new plant. 


Buildings for housing the crushers, screens, and some of the conveyors 
were constructed of timber md red corrugated iron. The new grinding and 


classifying unit was installed in the old stamp-mill building and the old ore 
bin usede | 
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Mine pit 
Power shovel ( ¢ 1/2-cubic-yard capacity) 
Autotrucks (9 to 10-ton capacity) 
Autotruck scale Y x0-ton capacity) 
Grizzly (30-inch square openings) 
Ore bin (170 tons full capacity) 
Sheridan grissly feeder (4 by 10-foot, 5 by 7-inch openings) 


oreo | Undersi ze 
Jaw crusher (60- by 48-inch) 
No. 1 belt conveyor (30 inches wide) 
Magnetic pulley (%0=- by 32-inch) 
Double-deck vibrating screen (4= by 10-foot) 
Upper deck (%=-inch square openings 
Undersi ze 


Oversize 
Lower deck (1einck Square openings) 


Oversize Undersi ze 
Gyratory Lee (4-foot, type-TY) 


No. 2 belt conveyor (24 inches wide) 
2 double-deck vibrating screens (4=- by 10-foot) 
Oversize Undersi ze 
No. 3 belt Sanverae (24 inches wide) No. 8 belt ieauarae (18 inches wide) 
No. 4 belt conveyor (24 inches wide) Mill ore bin (1,880 tons full capacity) 


No. 5 belt conveyor (24 inches wide) 
No. 9 belt conveyor (24 inches wide) 


¥ 
No. 6 shuttle belt conveyor (24 inches wide) 
No. 7 stacker belt conveyor (24 inches wide) 


ants ume 


Pigure 5.- Plow sheet, crushing and screening unit. 
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Construction work was begunon October 1, 1937,and the plants were com- 
pleted about January 15, 1938. The total cost of the crushing, screening, 
and grinding plants was $120,000, including the contractor's charges. 


CRUSHING AND SCREENING PLANT 
General 


Figures 4, 5, and 6 show the general arrangement and fiow sheet of the 
crushing and screening plant. . 


Operations were begun on a one-shift basis January 19, 1938, and after 
a few minor changes the capacity of the plant was soon increased to 54,000 
ary tons per month. | 


In the latter part of October of the same year the plant began operating 
on a two-shift basis, and the tonnage was increased to a maximum of 92,000 
dry tons per month and an average of 85,600 tons per month over several 
months. 


To May 1, 1939, 70 percent of all material delivered to the crushing and 
screening plant from the open pit proper was discarded as waste, and 30 per- 
cent was fines delivered to the mill ore bin. 


The plant has given the desired screening results, and the capacity, 
upkeep, operating efficiency, and costs. have equaled or exceeded expectations. 


Primary crushing 


At first a flat grizzly made of 110-pound inverted-T rails with 30-inch 
square openings was used on top of the crusher bine Owing to frequent break— 
ing of the rails it was decided to abandon the grizzly and depend on the 
shovel operator to load rock smaller than 30 inches. This arrangement 
worked very satisfactorily, especially if the bin was kept partly full. 


The crusher bin of heavy timber, is 20 feet long, 14 feet wide, and 12 
feet deep on the inside and has a capacity of 170 tons. It is long enough 
for two trucks to back up to the edge and dump at the same time. A section 
of the front and bottom of the bin is cut out and a steel hopper 4 feet wide 
inserted, which allows the ore to enter the Sheridan grizzly feeder. 


In order to operate a plant of this type successfully the feed to the 
primary crusher mist be as uniform as possible. After several types of 
feeders had been investigated the 4 by 10-foot Sheridan grizzly feeder was 
selected. This feeder has balanced-screen manganese plates with 5~ by 7- 
inch openings, of which 75 percent was blinded, as too much of the undersize 
was passing throughe It is set at a down slope of seven—eighths—inch per 
foote <A 25-horsepower, 9O0-r. p. m., variable-speed motor connected by a 
flexible coupling drives the feeder through a speed reducer. By the use of 
constant-duty grids and drum controller the feeder can be operated con- 
stantly at any speed required to give the desired feed. 
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The coarse material is moved along the feeder into the jaw crusher, while 
the fines drop through the openinzs and combine with the crushed product 
on the belt conveyor (conveyor No. 1) below. 


The primaryvy-crusning unit is operated by one man who is seated at the 
side of the No. 1 conveyor in fsont of tne crusher so that he can see into 
the feeder. Ee re;ulates the feed by an extension of tre drum controller 
and sorts sticks and large rock slabs from the belt. The sticks and slabs 
drop through an inclined chute into l-ton ore cars which @ roustabout trams 
to a nearby waste dump. 


Primary crushing is done by an Allis-Chalmers 60- by 48-inch semisteel | 
Blalre-type crusher equinped with manzanese-stcel jaw and side plates. The 
crusher is operated at a speed of 145 r. p. m. and is driven by a 250-horse- 
power, 690-r. pe me, variable-speed motor through an endless, 20-inch, two- 
ply, special-heavy, waterproof leather belt. ‘he crusher pulley is 120 
inches in diameter and the motor pulley 24 inches in diameter. An idler 
pulley 20 1/2 inches in diameter fitted with a floeting bronze bushing keeps 
the belt tight. The bushing is loose between the bore and the shaft and is 
grooved for iubrication by Alemite fittinzs. An angles-iron frame hinged to 
two vertical channel-iron posts supports tne pulley shaft. An extra grooved 
bushing is kept as a spare, but after 15 months of operation no replacement 
has been necessary. A littlé neat!s-foot oil is aplied to the outer side 
of the belt every day as a preservative, and castor oil is applied to the 
inner side when necded to prevent slipping. Occasionally, caked dust has to 
be scraped off before the dressings are applied. 


Forced lubrication, using Keystone KV medium oil for the pitman bearing, 
is provided by an oil pump driven from one end of the eccentric shaft; the 
oiling system compriscs pump reservoir, strainer, filter, and necessary 
piping for connecting it to the crusher, Cooling water circulates through 
copper tubes in the pitman bearing. The pitman shaft vearings in the frame 
are lubricated with Keystone No. 96 wol-yarn elastic grease. The swing-jaw 
sheft does not move in the frame bearings; instead, a thick brass bushing 2 
feet long is set in each end of the swing-jaw bore and allowed to move on . 
the shaft. The upper halves of the bushings are grooved and lubricated 
through Alomite fittings with Gar,pyle grease AA Mo. 2 in winter and AA No. 4 
in summer. Tozgle seats are lubricated with whatever used oil may be avail- 
able. Felt pads 1/2 inch thick are placed on top the toggles to help keep 
out dust aid to saturate the seats with oil. 


Jaws are set with a maximum opening of 5 1/2 inches. A larger opening 
allows too many larze slabs to pass through; these slabs interfere with 
nvener es at the conveyor chutes. 


A 25-ton, hand-operated, two-speed, traveling-bridge crane with a 28-foot 
span is used for handling crusher parts. 


rite) M6 e 


Google 


I.C. 7096 


Primary screening 


The minus 5-inch material from the primary crushing wnit is fed by 
conveyor No. 1 to the primary screen. This is a TPyler-Niagara, type-600, 
double-deck, 4- by 10-foot vibrating screen suspended by four cables and 
coil compression springs and set at an angle of 199%. MThe springs minimize 
vibration of the buildinz, especially when the screen is starting and stop- 
ping. A 7 1/2-horsepower, 1,150-r. p. m motor drives the screen at 650- 
Te De Me through a V-belt drive, using 3-B belts. 


A 3-inch-square-opening screen with 5/ 8~inch—diameter wires is set on 
the top deck and a l-inch-square-opening screen with 1/4-inch-diameter wires 
on the lower deck. Both screens have hi~manganese-spring-carbon-steel wires 
vith a flat—top-crimp weave. This weave gives longer wear than the double- 
crimp or lock-crimp weave. 


The plus 3~inch material, which comprises about 2 percent ‘of the total 
feed, is discerded as waste md drops onto conveyor No. 4 through an in- 
clined steel chute lined with 25-pound T rails. The minus-3-inch rock is 
Celivered to the sccondary crusher and the minus—l-inch material to conveyor 
No. 2, where it is combined with the crusher discharge and taken to the 
secondary screens. 


Secondary crushing 


Secondary crushing is done with a 4-foot Traylor, type-TY, gyratory 
crusher which is set to discharge a product having a maximum size of 1 1/2 
inches. It is driven by a 150—-horsepower, 580-r. pe me, variable-speed 
motor through a V-belt drive using 9-E belts which give a crusher pulley 
speed of 590 re p. me The crusher has a feed opening of 10 inches and a 5/8- 
inch head motion set at 3/4 inch (closed side) with head in middle position. 
The bell-head mantle and curved concaves are of manganese steele 


Gargoyle D. T. E, extra-heavy oil is used in the circulating system, 
and Gargoyle 600 W. on the suspension or head bearing. A water-circulating 
system in the oil reservoir cools the circulating oil. 


Feed to the crusher is distributed through three chutes to obtain even 
wear on the concaves. The original mantle and concaves are still in use 
after 15 monthy. On May 1, 1939, spproximately 235,000 tons of rock had 
Passed through the crusher. 


A 10-ton, hand-operated, self-alining, ceared, I-beam trolley witha 
10-ton chain hoist is used for handling crusher parts. 


Secondary screening 


Secondary screening is done in parallel with two Tyler-—Niagara, type-300, 
single-deck, 4 by 10-foot vibrating screens also suspended by cebles and 
coll compression springs but set at an angle of 21°. Later these screens 
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were changed by adding another deck below, thereby increasing the screening 
capacity 20 to 25 percent. Five-horsepower, 1,750-re pe me motors are used 
to drive each screen at a speed of 1,200 Tre Pe Me irene V-belt drives 
using 3-B Peete 


The upper screen is used as a scalper dna has 3/4-inch square openings 
of No. 8 (0.1062 inch in diameter) wire with a flat-top-crimp weave. the 
lower screen has 1/4~ by 1/2-inch rectangular openings with the long dl- 
mension across the screen and uses a Noe 11 (0.120 inch in diameter) wire 
with a double-crimp weave. Hi-manganese-spring-steel wire is used on both 
upner and lower screens. 


Fines from the lower screens drop onto conveyor No. 8 through a hopper 
and are taken to the mill bin. The oversize from both decks goes to con- 
veyor Noe 3 as waste. | 


Conveying and waste disposal 


Mine belt conveyors are required to transport the rock to the secondary 
crusher, screens, waste dum, and mill bin. Figures 4, 5, and 6 show the 
lay-out of the system, and table 2 gives details of the conveyer equipment 
and other data. 


All conveyors except No. 8 are driven by geared-head motors through 
sprocket-and-chain drives, and all inclined conveyors except No. & are 
equipped with ratchet~and-pawl hold—backs to prevent loaded belts from 

running backwards if the sprocket chain breaks or the motor stops. 


Oil~ and dust-tight, guard-type casings are used on all sprocket-and- 
chain drives, and all moving parts are fully enclosed. The casings are 
.Made of sheet steel and are split crosswise to facilitate installation and 
inspection. The lower run of the chain drive is in contact with the oil, 
and an indicator shows the oil level in the casing. 


_ Belts on conveyors Nos. 1, 2, 3, 4, 6, and 8 are driven by head pulleys 
and those on conveyors Nos, 7 and 9 by tail pulleys. The delt on conveyor 
Noe 5 is driven by an intermediate pulley. All belts are kept tight by 
screw-type take-up bearings. 


Throughing idlers and return rolls have roller bearings and are | 
lubricated by Alemite fittings. Positive, self-alining three-roll troughite 
idlers are placed about 125 fect apart on conveyors Nos. 5 and 9. 


Feed chutes for both coarse and fine meterial are built with vertical 
sides that flare in front and slope toward the direction of belt travel ix 
back. Steel baffle plates at transfer chutes are lined wi th 25-pound 7 
rails. One-half-inch rubber, backed with two-ply duck, has proved very 
satisfactory as a liner for feed chutes and skirt boards. 
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All conveyor trestles are built of timber and have a 2-foot platforn 
with a guard rail on one side of the belt. Zlectric lights are installed 
above the belts and transfer chutes for night wrk. One- by twelve-inch 
boards on one side of the tel ts keep the wind from blowing the belts off tze 
troughing idlers when the conveyor is running emty. 


Rock spillage below transfer chutes is removed by a small, gasoline- 
driven dragline hoist and scraper. 


Conveyor No. 1, which conveys the fines from the feeder and the dis- 
charge from the jaw crusher to the primary screen, is 89 feet long between 
centers, sloves 15° upwerd, and has a — belt which travels at a speed 
of 308 feet per minute. (See table 2. | 


| A Dings magnetic pulley is the head pulley for conveyor No. 1. It is 3 
inches in diameter and 32 inches long and has a speed of lor. pem A 
motor=generator set supplies direct current for the pulley. The generawr, 
which has*a capacity of 3 kilowatts at 125 volts, is direct—connected to a 
5-horsepower, 4HO-volt, 1,725-re De me motor. The tramp iron drops into a 
pocket below the head pulley and slides down an inclined chute into an ore 
car with a capacity of 1 ton and thence goes to the waste dump. 


Conveyor No. 2, which transports the fines from the primary screen ari 
the discharge from the gyratory crusher to the secondary screens, is 5/ fee’ 
long, slopes 18° upward, and has a 24-inch belt that travels at a speed of 
325 feet per minute, ’ 


Conveyor No. 3 takes the oversize (waste) from the secondary screens 
end carries it to conveyor No. 4 It is 38 feet long, has an upward slope 9 
15°, and travels at a speed of 325 feet per minute. In other respects it i: 
about the same as conveyor No. 2. 


Conveyor No. 4 is set at an angle of 145° to the right to conveyor fo. 
end extends toward the waste dump. Besides receiving the waste from convcy 
No. 3 it receives the plus-3—inch discard from the primary screen. It is 3 
feet long, slopes 15° upward, and has the same belt speed. as conveyor No. 3. 
It discharges onto conveyor Noe 5. - ~~ ; 


Conveyor No. 5 extends in a direction across the canyon and is set at 
an angle of 135° tothe right of conveyor No. 4. It is 292 feet long, lies 
about herizontal, and has a belt speed of 4308 feet per minute. The drive, 
which comprises a {-inch-diameter drive pulley and tw snub pulleys, is 
beyond the center of the mnveyor. The conveyor trestle, which ranges fron 
11 to 14 feet in height, has bents spaced at 12-foot centers. 


Conveyor No. 9 receives the feed from conveyor Noe 5 and extends dow 
the center of the canyon at an angle of 123° to the right of conveyor No. >. 
It is 226 feet long at present and has the same belt speed and other 
characteristics as conveyor No. 5 except that it has a tail pulley driver ty 


af 1/2-horsepower motor. The conveyor trestle is 13 feet 8 inches high ans 
has bents spaced at 12-foot centers. 
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Conveyor No. 6 is a "shuttle" conveyor that moves ahead on a track . 
laid below conveyor No. 9. (See fig. 6.) ‘The track is 37 1/2-inch gage 
with 25—-pound rails and is laid on stringers held by cross timbers bolted 
to the bents. The conveyor is made of structual steel, and the front end is 
attached to the four-post frame of conveyor No. 7 (stacker). As the "stacker" 
conveyor moves ahead, additional trestle bents are added to conveyor No. 9, 
and the track is extended. When the shuttle conveyor moves ahead to the 
limit, enough belt is added to conveyor No. 9 to extend it 36 feet. The 
shuttle conveyor is 48 feet long, and the delt travels 385 feet per minute. 


Conveyor No. 7 is made of structual steel and consists of a four-post 
frame 15 feet high mounted on a Platform car 11 feet 8 inches wide by 15 
feet 6 inches: long. (See fig. 6.) A 38-foot boom is pivoted to a turntable 
fastened to the top of the car by a kingbolt. The outer end of the boom is 
raised or lowered by a sheave and wire rope fastened to the top of the tower 
and operated by a worm-drive hand winch attached to the side of the feed 
hoppere Several tons of iron ballast are placed on the rear end of the car. 
The track is 10-foot gage with 60-pound rails and is laid on 8 by S-inch 
by 14-foot ties spaced at 3-foot centers. As the car moves forward the rails 
end ties are taken up and relayed, except that every fourth tie is left as a 
sill for the trestle bent. The boom generally slopes 12° upward, and the 
track 1s laid on about a 15—-percemt wgrade. In order to have conveyor No. 9 
level it is necessary to maintain this grade to commensate for settling of 
the end of the waste dum. 


A step jack held in place by a bumper clamped to the rail back of the 
rear wheel pushes the car ahead. Usually the car is moved forward 6 feet 
at a setting. Generally not more than 40 feet of rail is kept ahead of the 
Care 


The boom can distribute waste over an arc of 180° and is pulled around 
with rope blocks by one man. 


. The belt is driven by the tail pulley and travels at a speed of 385 
feet per minute. 


The difference in elevation between the brow and the toe of the waste 
dump is 175 feet, and the angle of repose of the rmwck is 35°. 


Conveyor No. 8 takes the fines from a small bin below the secondary 
screens and distributes them in the mill ore bin by an automatic friction- 
driven tripper. The conveyor is 150 feet, slopes 17° upward to the top of 
the bin, and then extends horizontally to the end of the bin. ‘The belt, 
which is 18 inches wide, travels at a speed of 365 feet per minute and is 
driven by a 15-horsepower motor, through a belt-—driven pulley-and-—gear 
nechanism. 


Operating control signal system 


For smooth operation it was necessary to install a signal system to 
tontrol the feed to the primary crusher. With the large tonnage being 


Po ed ee 


Google 


I.Ce 7096 


handled there would be congestion of rock from plugged chutes, broken belts, 
burned-out motors, or other break-downs if the feed were not cut off in- 
mediately. 


, To indicate to the crusherman whether or not all motors were running 

a red=light signal system was installed. This comprises a Jeffries Type S, 
50-volt—ampere, 4Y40- to 12—volt, single-phase transformer connected between 
each motor and its corresponding magnetic switch. A board carrying red 
lights was placed by the side of the crusherman's seat, and insulated wires 
were run from each transformer to a red light, above wnich was printed the 
name of the equipment operated by the motor. As long as the motor is ru- 
ning the red light shows, but when the motor stops the light goes out and 
the crusherman immediately stops the feed. Wham the motor is started after 
each shut-down, no rock is fed until all red lights show. 


A "hooter" also was set up near the crushermam and connected to push 
buttons in the secondary crusher and screening buildings md on nearly all 
conveyors so that any operator could signal the crusherman by “hoots" as 
follows: 1- stop feed; 2 —- start feed, 3 ~ increase feed, 4 — decrease 
feed. 


The hooter signal system has a 110- to 12-volt transformer on the 
electric-light circuit, and the push-button contact is on 12 volts. 


Dust control 


Dust in the plant is controlled as much as possible by spray nozzles 
above the crusher bin, grizzly feeder, jaw crusher, conveyor No. 1, primary 
screen, and gyratory crusher and at other places where necessary. 


Labor 


Crushing is done on two shifts from 7:30 asm. to 4:00 p.m. and from 
7:30 pem. to 4:00 a.m. with a half-hour shut-down each shift for lunch. 
This arrangement prevents the ore in the mill bin from getting too low 
between shifts. 


The operating and repair crew for a day of two 8-hour shifts comprises 
the following men: 


CYUSheGYr ODeCTAtO Lies ine swsiene osisacwes er 
SCTCEN OPeTa tor ss:s-ee<:.c0aee wa sew eo s-cew ee 
Waste-stacker operatorSecececscccccece 
Oilers ANG Youstaboutscccocscescceceee 
Mechanic (repairs and maintenance)... 2/3 
Electrician (repairs and maintenance). 218 
Machinist (repairs and maintenance)... 1/ 

Truck driver (miscellaneous) ..ececeses 1/3 
Foreman (supervision) escceseccesccvsee 1/2 
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Fresh water 


Cyanide solution 


Mill ore bin (1,800 tons full capacity) 
Belt conveyors (16 inches wide) 
Surge bin (45 tons full capacity) 
Constant-weight feeder 
Belt conveyor (16 inches wide) 


No. 1 placer-type jig (42= by 42-inch) er 
Tailings Rougher concentrate 


‘Sand pump (1 1/4-inch) 
No. 6 Wilfley concentrating table 


ailings 
Concentrates 
Tailings Continuous anal gan bilrrel (2 by 4-foot) 
Rake classifier (8 feet by 26 feet 8 inches) jmalgan 
Rake-over Overflow Refort 
Lime and cyanide added ¥ 
Gold gponge 
Conical ball mill (8 by %foot) Mint 
No. 2 Si Soersiyie jig 2 by 42-inch) 
Rougher Concentrate Tailings 
Tailings launder 
Dorr-type thickenef ( 30=foot diameter) nee (e 
Overflow Underf low 
2 Dorr-type , 


2 Dorretype thickeners (40-foot diameter) Vibrating screen (3- by 8foot) 


Clear overflow Underflow Oversize Undersize 


Waste dump 
To cyanide plant (4-inch pipe) 


¢ 
2 centrifugal pump 


To cyanide plant (2-inch pipe) 


Cyanide solution from cyanide plant 


Figure 7.- Flow sheet, grinding and classifying unit. 
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The crusher, screen, and stacker operators spend part of their time on 
repair or other work. The crusherman has charge of the shift and looks 
after the direct operation of the feeder, jaw crusher, and conveyor No. l. 
When inspecting the other operations, he leaves a man in his place tempo- 
rarily, The screenman looks after tne gyratory crusher, all screens, and 
conveyors Nos. 2, 3, 4, and 8, and the wasteman tekxes care of conveyors 
Nose 5,6,7, amd 9e The mechanic, electrician, and oilers work on odd-hour 
shifts so that they can work part of their time when the plant is shut down 
between shifts. About a third of tne mechanic's and electrician's time is 
spent on repairs to the grinding unit. 


- Between shifts the crew lays track for conveyor Noe 7, moves conveyors 
Kose 6 and 9 forward when necessary, drags rock gillage away from beneath 
trensfer chutes, and does general repair work. 


The foreman supervises crushing, screening, and grinding. 
MILLING 
General 


The grinding and classifying unit began operation on January 28, 1938 
nd was capable of milling 600 tons per 24 hours. Later it became necessary 
to increase the tonnage and deliver a larger proportion of sands to the 
Cyanide plant. Consequently, in the following October, the ball mill, which 
in the original flow sheet was in closed circuit with the classifier, was 
put in open circuit, and another jig was installed. This increased capacity 
to 1,000 tons. Figure 7 shows the present flow sheet of the plant, 


As already stated, the grinding and classifying unit was installed in 
the old stamp-mill building and the old ore bin used. This building is 
made of timber amd galvanized corrugated iron. The floor is at an elevation 
of 3,894 feet. 


Ore bins and feeders 


The ore bin, which is constructed of timber, is 87 feet long by 15 1/2 
feet wide by 27 feet high (inside dimensions) and has a maximum capacity of 
1,800 tons. The top of the bin is at an elevation of 3,937 feet. Owing 
to its fineness, the ore "chimneys" at the chutes when the moisture content 
is over 5 percent and must be barred down. When the moisture content is 
below 5 percent the live capacity is about 1,000 tons. 


There are eight chutes with rack-and-pinion gates on either side of 
the bin which feed onto slow-speed,.16-inch belt conveyors. Across belt 
Conveyor carries the feed from the west to the east conveyor, which in turn 
delivers the ore to a 45-ton-capacity surge bin built like an inverted 
Pyramid. Attached to the bottom of this bin is a type 3-C, Hardinge, stan- 
dard, constant-weight feeder equipved with a 26-inch belt and operated by 


a 1/4-horsepower, 440-volt motor through a sprocket~and-chain drive. A 
counter records the number of revolutions of the belt, and a no-load cut-off 
and bell signal actuated by mercoid tubes are attached to the feeder. 
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The constant-veiczht feeder delivers the ore. to a 16-inch belt conveyor 
51 feet long, which sloves 15° vnward. The conveyor is driven at a speed 
of 151 feet per minute by a 3-horsepower, geared-head motor through a sprocket 
and—chain drive. ‘his conveyor feeds the ore through an inclined launder to 
the No. 1 jig where it first comes in contact with syenice solution. As 
_the drz- ore crops off the belt, samples are cut automatically at regular 
intervals. . 


' Classifying and grinding 


The No. 1 jig makes a low-grade concentrate, and the jig tailings g 
to a model BH, Wemco duplex race classifier 8 feet wide and 26 feet & inches 
long, vnich slopes 3 1/4 inches per foot and operates at a speed of 27 strokes 
per minute. A 10-norsenower, 1,200-r. p. m. motor drives the mechanism 
through a V-belt drive with 8-3 belts. One grooved sheave is varipitched 
to chenge the speed of the classifier rakes when necessarye 


Classifier overflow mes to the tailings leunder and the raked product 
to the bali-uill scoop box. The large amcu>t of water used in the No. l 
jig maintains the density of the classificr overflow at a maximun of 13 
percent solids. 


Typical screen analyses of the mill heads md classifier rake-over 
and overflow are given in tables 3, 4, and 5, respectively. 


TABLE 3. - Screen analysis of mill heads 


Ws i ae 23 =. d \ 
Vaal Wolgut retained, percentl] wep leicht retained, percent 


this mesh} Cumulstive “his mesa !} Cuwoulative 

Plus Bees Oc71 0.71 75. 64 
eee 7206 ree ¢ 79.60 

Seva 11.09 18.26 &2, 70 

Secs 11.62 0.48 S522 

: a 16.77 059 S727 

: 9,59 5.28 
isis gu 58.73 83.63 


Bene | 12628 160.60 


TABLE 4, - Screen analysis of classifier-rake product 
ack | Neight retained, percent! wosh | Weight retained, percent 
this <ash! Cumulative ; This mesh | Cumulative 


71.02 


Plus poss 0485 91.10 
eee 12.18 93.56 
mr 16.94 95.15 
Bisa 14.58 96.12 
Wises 12.16 96.76 
14. as 10.72 
Heee &.71 9732 
bot 356 ee Te 100.00 
Tuto 


Digitized by Co ( gle 


THE OHIO STATE UNIVERSITY 


I.-C. 7096 


TABLE 5. - Screen analysis of classifier overflow 


Mesh Wel 2 t retained, percent. ae Weight retained, percent 
‘This mesh Cumulative This mesh | Cumulative 
Plus 20.6 - Plus 150./ 22.83 
a ; ea 33085 

; ee _ nus i 
65.. oO 64 
1002. 100.00 


New cyanide solution and lime are added to the feed launder leading to 
the scoop boxe Cakes of cyanide are dissolved in a 7-gallon tank into which 
a small stream of water runs, and the solution is allowed to overflow through 
a pipe. Lime, crushed to minus 1/4 inch, is fed by a 6-inch slow-moving 
belt conveyor driven by the classifier shaft throvgh a belt-and—gear re- 
duction unit. The belt moves under a V-shaped, 1/2-ton-capacity steel 
hopper which has a 3- by 1 1/2-inch opening on the bottom. 


The ball mill is a Hardinge conical mill § feet in diameter by 3 feet 
in length with a standard scoop feeder 5 feet in radius and a cylindrical 
discharge 16 1/2 inches in inside dimeter. It is driven at a speed of 21 
re Pe mM by a 150-horscpower, 580-r. p. me variable-speed motor through a 
V-flat drive of 11-E belts and counter shaft. The mill itself weighs 24,000 
pounds and the liners 20,5300 pounds; the normal operating load is 37,000 
pounds of balls. | 


Wedge-bar-type manganese-steel liners are used. A set of liners lasts 
about 10 1/2 months and mills an average of 240,000 tons of ore. liner con- 
sumption 1s 0.085 pound per ton of ore. 


“Relining takes about 32 hours and requires 144 man-hours. The jobd com- 
comprises removing the balls, taking out the old liners, scraping the shell, 
installing new liners, and refilling with balls. 


Four-inch manganese-steel bells are used and ball consumption is 0.574 
pound per ton of ore, 


Tables 6 and 7 show typical screen analyses of the ball-mill discharge 
and general mill tailings. 


Concentration 


Two jigs and a concentrating table are used principally to recover 
coarse gold. The No. 1 jig, wnich receives the mill feed after it comes in 
contact with cyanide solution, is a single-cell, Pan-American, placer-—type 
jig driven at a speed of 144 strokes per minute by a 3~horsepower, geared- 
head motor through a V-belt drive. It is 42 inches square and is bedded with 
300 pounds of 3/16-inch steel shot and 125 pounds of 1/4-inch shot. The jig 
tailings are laundered to the classifier and the low-grade concentrates 
pumped to a J-cubic-foot surge box which feeds the concentrating table. 
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TABLE 6, ~ Screen analysis of ball-mill discharge 


nahi Weigh t retained, percent Mesh  |Weight retained, percent 
aaa This mesh | Cumulative This mesh | Cumulative 
Plus Be =— —— Plus 4.. 8.69 59.88 
. 0.67 0.67 65-4 7092 67.80 
Gis 1.60 2027 100.. 5.03 72.83 
3. 2.88 5.15 I e6 4 ho 77-23 
10s 5.33 10.48 200. 3.55 80.78 
14., 8.11 18.59 Minus 200 ‘ 
oe 10 93 29 52 (sand)... 2el9 53.57 
cms re ly Minus 20 
35-4 21.67 51.19 Csiime).| 16.43 |: 100.00 


TABLE 7. - Screen analysis of mill tailings 


Mesh Weight retained, percent Weight retained, percent 
Cunulative This mesh | Cumulative 


5S. 38 
65.74 
70.88 
74.97 
18-50 
81.07 


slime). 100.00 


The No. 2 jig receives the discharge from the ball mill and is the 
same size and type as the other. It is driven at a speed of 125 strokes per 
minute. , 


A good feed distribution to the No. 2 jig is obtained by sloping bars 
that radiate from a center at the ball-mill discharge. (See fig. 8.) 


Tailings from No. 2 jig flow to the tailings launder and combine with 
the classifier overflow; concentrates are pumped to the surge box at the 
head of the table. 


The two jigs in 24 hours produce a total of 40 to 50 tons of concen- 
trates which assay $15.00 to $20.00 in gold per ton (gold at $35.00 per ounce) 


A No. 6 Wilfley concentrating table, driven at a speed of 250 strokes 
per minute by a l-horsepower motor, is used to raise the grade of the con- 
centrates. The table cover is made of rubber 1/16 inch thick backed with 
1l-ply heavy duck. Approximately 1,500 pounds of concentrates are produced 
per 24 hours which assay $700 to $800 in gold per ton. The concentrates con- 
tain some scheelite, but the quantity is too small to warrant further treat- 


ment in order to recover it. The tailings, which assay about $5.00 per ton, 
are piped to the classifier, 
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Pigure 8.- Pulp distributor to jig. 
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Analgamation 


The table concentrates are amalzamated in a continuous-type amalgamat- 
ing barrel 2 feet in diameter and 4 feet in length which is made of a 
1 1/4-inch rolled-plate shell and l-inch boilerplate heads and lined with 
rubber. The barrel is mounted on trunnions through which the concentrate 
pulp enters and the thin sludge leaves. There are two 2~inch threaded plugs 
on one side near each end and a manhole in the center on the opposite side. 
The barrel is driven at a speed of 20 re pe me by a 3-horsepower, geared- 
head motor through a 60-RC chain-and-sprocket drive. About 600 pounds of 
11/2- to 2 1/2-inch-diameter steel balls are used as an operating load. 
The tailings, which leave through the discharge trunnion, assay about $15 
per'ton in gold. They are piped to the classifier after passing over a 
mercury trap. | 


Clean-ups are made about every 3 days. The barrel is shut down, and 
the balls are taken out through the manhole. ‘The amalgem and partly pul- 
verized concentrate are sluiced out into a square box sect on wheels. The 
box is then wheeled into the clean-up room and hoisted from the frame onto 
a stand at the head of a 33- by 6l-inch inclined amalgamation plate. After 
the amalgam is cleaned it is put through a screen to remove amalgamated 
pieces of copper blasting caps and copper wire; this "copper-zold amalgam" 
is retorted and shipped to the smelter. The screened gold amalgam is put 
through an amalgam press, retorted, and snipped to the mint. 


Generally a charge of 650 troy ounces of mercury is fed into the barrel 
after each clean-up; however, the amount varies with the richness of the 
concentrate. 


The squeezed gold amalgam has an average fineness of 255 parts of gold, 
or a value of approximately $9 per troy ounce, and the gold sponge has an 
average fineness of 737 parts of gold ad 190 parts of silver. Mercury 
loss is 20 to 25 pounds per month. 


Gold recovery by concentration and amalgamation is approximately 30 
percent of the mill-head value. 


Mill tailings to cyanide plant 


Mill tailings, which comrise the classifier overflow and the No. 2 
jig tailings, have a density of 40 percent solids and are laundered to a set 
of thickeners which dewater the pulp to 45 to 50 percent sclids and reclain 
the mill solution. The woden tailings launder, which is 11 inches deep 
and 8 inches wide on the inside, is lined with 7/32-inch rubber backed with 
One~ply duck and set on a grade of 1 inch to the foot. 


All of the thickeners, which were used in the old mill, have a hi-head 
Dorr~type mechanism in steel tanks 6 fect deep. The first one is 30 feet 


in dianeter and overflows slimes to two thickeners 18 feet in diameter and 
set in parallel; the underflow is piped to a hopper feeding a vibrating scrcen. 
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The overflow from the 18-foot thickeners goes to two 40-foot thickeners 

set in parallel and the underflow to the screen hoppers The 4O-foot 
thickeners overflow a clear solution into a sump tank from which it is 
pumped back to the mill-solution tanks for reuse.in the mill. Colloidal 
slimes from the underflow have a density of 25 to 30 percent solids and flow 
through a 2-inch pipe to the 100~foot, center-pier thickener at the cyanide 
plant. 


A le-gaze steel pipe line 4 inches in ieeas diameter now conveys the 
pulp from the underflow of the %0-foot thickener and the two 18foot 
thickeners to the cyanide. plent. To prevent the pipe line from plugging, 
the pulp density must be maintained between 45 and 50 percent solids and 
the plus 6-mesh material removed with a vibrating Screens 


This is a 3- by g-foot ‘Link-Belt, type uPo7g, sabi exdedic vibrating 
screen, inclined 2° @riven at a speod of 1 550 Ye Pe m. Tne top deck has 
a short 1/2-inch-square-opening screen to tee the wear and break the fall 
of the pulp onto the lower deck, which has « 5/32-inch-square-opening screen. 


Oversize material falls into a hopper at the end of the ‘screcn and is 
fed to a sluv-moving 12-inch-wide uoward~sloping belt conveyor which stacks 
it on the hillside as waste. Approximately 1.4 percent of. the total tonnage 
milled (or 14 tons per day having an assay value of $1 per ton) is discarded. 


The screen undersize drops into a hopper which feeds it into the ‘inch 
pipe line. This is 2,740 fcet long end slopes downward 250 feet between 
the intake and the dischareéc. 


Stecl pipe has worn better than redwood pipe and is easier to repair, 


Intermediate (low-value) cyanide solution is pumped through an 8-inch 
pipe line from the cyanide plant to the sump tank at the 40-foot thickeners, 
where it is repumped through a 5-inch pipe line to the mill tanks. ‘his 
solution is tapped off the S-inch line and, used to sluice the old mill 
tallings. 


teasents 


Water. — Water used for milling contains rather hich percentages of 
sodium and magnesium sulfates and calcium and magnesium bicarbonates and 
small amounts of sodium chloride, sodium car>donate, silica, and aluminun 
oxide. These salts have no known deleterious effects chemically, and the 
water, which has a pH of 8.1, acts as an alkali and slime settler. 


The only fresh water in the mill circuit is added on the Wilfley con- 
centrating table end where there is a shortage of return cyanide solution. 


Cymide. ~ Cymide (white sodium cyanide, 91 percent NaCN) is added 
just ahead of the ball mill to increase the strength of the circuit. 
Solution samples, which are taken daily from the 30-foot thickener overflow, 
show a free cyanide content of about 0.015 percent (in terms of KCN). 
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Lime. — Lime is elso added just ahead of the ball mill. The daily 
solution samples from the 30-foot thickener show an alxalinity of about 0.007 
percent Cad. 


The lime is purchased from the West End Chemical Co., at Searles Lake, 
Calif., which burns limestone to obtain CO, and sells the lime as a byproduct. 
It is crushed to minus 1/4~inch mesh and délivered in carbide cans holding 
190 pounds. An average analysis is as follows: 


| Percent 
Available calcium oxide........ 930 
Aluminum and iron oxide... ..coes 6 
Mapnesium oxideececcccossrcccece 1,0 
Bid Vea cueccusoasacoaeseeueeoek 3.0 
Calcium hydroxidesccccccervccce 1.0 
Len tion 166Sscckseeewes coeur 1.lt 


Mill control 


Tonnages. - The volume of ore left in the mill bin on the first of each 
month is measured and the tonnage calculated on a basis of 20 cubic feet per 
dry tone 


The tonnage milled per day is measured by the constant-weight feeder 
which is calibrated each morning. Samples for determining moisture are taken 
at the time of calibration. 


Tne tonnage of screen-oversize mill tailings is computed from the time 
required to fill the hopper, the weight per cubic foot, and the moisture 
content. 


As mentioned previously, the ore delivered to the crushing plant is 
weighed on the platform scales and the moisture content estimated. 


At the end of each month the tonnage of ore delivered to the mill bin 
and the tonnage of waste conveyed to the dump are calculated from the total 
tonnage crushed and the quantity of ore milled. All tonnage figures are 
given in dry tons of 2,000 pounds. 


Sampling. - Mill ore (mill heads) is sampled ahead of No. 1 jig by a 
water-operated electrically controlled sampler. (See fig. 9.) The system 
comprises two circuits — one of 440 volts which energizes the solenoid operat- 
ing the sampler and one of 110 volts which includes the timing device and 
energizes the holding coil of the magnetic switch in the 440-volt circuit. 
When the water in the trip bucket rises to a certain level the bucket dumps, 
cischarging the water and closing the 110-volt circuit in the mercoid tube. 
After the water is completely discharged the bucket returns to its normal 
position, where it is held by a spring, and the 110-volt circuit opens again. 
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The frequency of taking sample cuts is governed by the length of time 
necessary to fill the trip bucket to the discharging peers! This sampler 
is set to cut a sample every 16 minutes. 


Semple cuttings drop through a splitter set on — of a two-compartment 
box; each half goes into a compartment having a sloping bottom. At the 
end of the mill day (7:30 ame) the sample from each compartment, which 
weighs about 350 pounds, is split to 20 pounds and dried. When dried, the 
two 20-pound samples are pulverized to about 16-mesh, combined into one, 
and thoroughly mixed. This sample is then split into two samples of 10 
pounds each, designated A and B, These are finely pulverized and mixed by 
rolling. Three 1-pound samples are taken from each, Two of these are sent tc 
the assay office, and the third is kept for use if an umpire assay should te 
required. 


Mill-tailings games: wnen desired, are taken by a device similar to 
that used for taking head samples; the timing and control mechanism operates 
a vertical-slotted cutter which moves across the pulp stream at the end of 
the launder, 


Samples of the incoming mill solution are taken daily. The gold content 
ranges from 15 to 35 cents per ton. 


Densities. ~ Operators take samples for density at frequent intervals; 
these are recorded on the daily mill report. The average densities of the 
pulps are as follows: 


Ball—-mill discharge. .cccccceve 
Classifier overflow. cccccsccee 


Screen analysis. - Screen analyses are made, when desired, of the mill 
feed, classifier overflow and rake over, ball-mill discharge, and mill tail- 
ingse 


Titrations. - Solutions are tested daily for free cyanide and protective 
alkalinity. 


Reports. - Daily reports show the tonnage of ore delivered to the 
- crusher bin, tonnage milled, running and lost time, cause of lost tine, 
percentage of moisture, pulp densities, cyanide and lime in solutions, amount 
of squeeze emalgam produced on barrel clean—-ups, and other items of interest. 


Labor 


The operating and repair crew for a day of three 8-hour shifts conm- 
prises the following men: 
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Labor 


The operating and repair crew for a day of three 8-hour shifts conm- 
prises the following men: 


Mill, -OpSTa tor Sse wie seit essen ek eee eee epee warce. 3 
Roustaboute eescccrccccccscscoscsscccvsvccesessses L 
Mechanic (repairs and maintenance)...eccccccercvel/3 
Electrician (repairs and maintenance) ...seceeeeeel/3 
Machinist (repairs and maintenance) ....eeesosseesl/6 
Truck driver (miscellaneous) eoeseeccsccccccesescol/3 
Foreman (supervision) soccccccccscccccccvcccccssvelf{e 


CYAN IDATION 
General 


Details of the earlier operations of the eyenece plant are given ina 
previous Saiicetina a) | 


the present paper deals PErneeperry une the. present flow sheet and 
operation of the plant. 


The cyanide plant is situated about one-half mile northwest of the mill 
at an elevation of 3,560 feet, or 335 feet below the mill level. It was 
built principally to treat the 2,300,000 tons of old impounded stamp-mill 
tailings and a small amount of current mill tailings. Screening tests in- 
dicated that 46 percent of the impounded tailings were minus 200-mesh 
(classed as slimes) and 54 percent minus 20- plus 200-mesh (classed as sands). 
The slime section was built originally to treat 450 tons of slimes and the 
sand section 650 tons of sanda, a total of 1,100 tons per 24 hours. 


Construction of the plant was begun about the middle of April 1935 
and operation on September 1 of the same year. 


During 1936 and 1937 the tonnage treated per day averaged 1,200 tons, 
out to treat this quantity it was necessary to avoid the more slimy or 
colloidal material and treat a larger proportion of the plus Q20-mesh material 
then contemplated in the original plans. By the summer of 1938 the slimes 
(minus 200-mesh) had increased to 62 percent and the sands (minus 20- plus 
200—mesh) had decreased to 38 percent of the total tonnage left in the 
Geposit. The proportion of colloidal slimes also increased. As a result 
the capacity of the plant was considerably decreased. 


To keep the plant on a balanced tonnage it was necessary to increase 
the capacity of the slime section. This was done early in 1939 by convert- 
ing a primary thickener into a hydroseparator and installing a 100-foot- 
diameter Dorr Torq-type (center-picr) thickener and other equipment. 


J Cooper, Corwin L., Mining and Milling Methods and Costs at the Yellow 


Aster Minc, Randsburg, Calif.: Bureau of Mines Inf, Circ. 6900, August 
1936, 21 ppe 
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At present the daily capacities of the slime and sand sections are 
approximately 650 tons each. Of the total, 350 tons are impounded tailings 
end 950 tons current mill tailings. 


To date the entire cost of the plant as outlined re the flow sheet 
(fig. 10) is $225,000. 00. 


Mining tailings 


Formerly the tailings were sluiced to the cyanide plant with water, 
but since April 1, 1938, 2 months after operation of the new mill was begun, 
cyanide solution has been usede — 


As the plant is slishtly below the toe of the impounded tailings, the 
pumping head required to deliver the pulp v0 the head of the plant is not 
greate 


Intermediate cyanide solution (intermediate in value between pregnant 
and barren) is pumped from the cyanide plant in two stages through an 8—inch 
Pipe line to a 21,000-gallon surge tank which is situated above the deposiis 
and slightly below the mill level. Solution from this tank is pumped to the 
mill, For sluicing tailings, laterals of inch, l2-gage, slip-joint pipe 
are taken off the &inch line where it is desfred to mine. Outlets are 
provided along the Winch line for connecting short sections of 2- or 3- inch 
pipe to which 2-inch rubbercovered hoses are attached. As the solution is 
drarn from the main 8—-inch pipe line the tank acts mostly as a medium for 
maintaining a constant head. 


Attached to the hoses are 5/8 or 3/4-inch nozzles which direct streams 
of solution against the bank of material being mined. Each nozzle usually 
is attached to a swivel set on a tripod to provide flexibility, although in 
some installations the nozzle is merely tied to the tripod. With very sliny 
Material it is sometimes necessary for the hoseman himself to handle the 
nozzle to give a cutting action to the stream. Pressure at the nozzles 
varies; the maximum is about 90 pounds per square inch. The banks of sand 
end slime range in height froma few feet to 100 feet. 


The slope of the ground is very favorable for sluicing end allows the 
pulp to flow readily to bulkheads near the toe of the deposit. These bulk- 
heads are built of timber or stone and prevent surges of pulp at the mining 
pump. <A punched plate with l-inch-diameter holes is used in the ditch above 
the bulkhead to remove rocks, weeds, and sticks. From the bulkhead the 
pulp flows by gravity through about 500 fect of redwood stave pipe 6 inches 
in inside diameter to the mining—pump sump or suction box. A three~-sided 
grizzly with vertical wooden bars spaced 1 inch apart is placed in front 
of the pipe intake to catch foreign material. 


The main-pump sump, which is made of concrete, has an overflow outlet 
On one side connected to a ditch. A howler and light are connected to 
electric contacts at the overflow to warn the hoseman of trouble at the pum, 
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A steel plate punched with 1/2-inch-diemeter holes is placed on top of the 
sump to collect pebbles and other foreign matter. Solution is piped to the 
sump when it is needed to dilute the pulp or wash the screen. 


A 6-inch Wilfley sand pump driven at a speed of 1,270 r. p. m dy a 
75—horsepower motor through a V-belt drive draws the pulp from the sump and 
delivers it to the cyanide plant through &50 feet of 5-inch, 12-gage steel 
pipe. The static head is &8 feet. Valves are placed at intervals along the 
pipe line to drain it in case of "plug-ups," and 1 1/2—inch nipples are 
welded onto the line to flush it with solution or water. 


Sodium cyanide (91 percent NaC) and lime are added to the pulp at the 
pump sump. Cyanide cakes are dissolved by the poruson used to make the 
milk of lime. 


The pulp is delivered to the cyanide plant at an average density of 40 
percent solids by welght. 


In the more isolated sections of the deposit tailings are sluiced to 
a smaller sand pump which delivers the pulp to the main-pump sum. 


Mining is done 100 to 2,000 fcet from the mining pumps. No estimate can 
be made of the loss by BeeDase and spillage, but it is not great... 


The plant is epee ce on three $-hour shifts. For night work 750-watt 
lights are used. | 


Telephones, howlers, and colored lights are used for intercommunication 


and signals. 


One sluicing boss and four hosemen do the mining. Close cooperation is 
required between the hosemen and the head operator on shift at the plant. 


lassification 


The mined tailings and the current mill tailings are delivered into a 
12— by 6-foot redwood surge tank above the classifier. (See fig. 10.) ‘The 
combined pulps then flow to two 6- by 23-foot, Model D rake classifiers which 
are arranged in parellel, set at a slope of 2 1/16 inches per foot, and 
operated at a speed of 14 strokes per minute. 


Intermediate cyanide solution is added to the classifiers to dilute the 
pulps and is used to sluice the sand or raxed product through launders to 
the sand tanks for leaching. Slimes overflowing the classifiers have 20 
to 22 percent solids and flow through a launder irto a hydroscparator where 
the coarse and fine (colloidal) slimes are partly separated. 


The hydroseparator, originally used as a primary thickener, has a 60~ 
by 12-foot redwood tank with the rake mechanism speeded up ae a rake-tip speed 
of 100 feet Bee minute.. 
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Fine slimes are drawn off by five Minch decant oor inserted 4 1/ 2 
feet below the top of the tank and connected to a 6-inch collecting line 
which partly encircles the tank. These slimes, which have a density of 5 to 
6 percent solids, flow to a 4-inch sand pump which delivers them to a 100- 
foot-diameter Dorr Torg-type (center-pier) thickener. The underflow of 
coarse slimes from the hydroseparator has a density of 31 percent solids and 
is pumped to two primary thickeners set in parallel. 


Just before tn hydroseparator was installed the slimes treated in the 
three original primary thickeners required 24 square feet of settling area 
per dry ton. 


Typical screen analyses of the sand, slime, and combined plant heads are 
shown in tables 8, 9, and 10, respectively, and an analysis of the hydro- 
separator overflow is given in table ll. 


TADLE 8 =- Screen analysis of sand-plant heads 


Weicht retained,percent eignt retainec 1- 


Mesh this mesh} Cumulative Mesh This mesh [ Cuttulative 


Plus Jeeveee 0.52 $2.27 
Baus 2.53 89.12 - 
1Ows wees 4.86 1D .cece ae) 93-5 
1 ee 8.83 “013 eee 95. 
CO. eeecne 11.92 Minus 00 
Ba Savirs 27.87 oon snes 97.06 
, ereeee 15.13 ‘ : ie. 
a es eeeende 100.00 
TABLE 9. - Screen analysis of slime-plant heads 
Wei cht retained, percent 7 Teignt retained,percent 
M - a 
sets t This mesh] Cumulative Nosh This mesh (Cumulative | 
Plus alee Ox OO i's ele Plus LO cecee 18. 00 29225 
eee ee Lé 30 1.96 PUD as cen 7-85 hers 
3 ae ee 36 16 5.12 Minus 200 sa be 12 here - 
100s wisie'so' 6.14 11.26 Minus 200(slime 87] 100 .0C 


TABLE 10. - Screen analysis of combined plant heads | 


Weight retained, percent Weight i Ctatned pore ce 


Mesh This mesh) Cumulative Mesh 


Plus Jeerensece 0.28 
Sew ie bek 1.36 
: se 2.62 
nee 4.76 

BS win 6.4 
panterses 15.3 

Bag aiaisl 8.76 
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TABLE 11. - Screen analysis of hydroseparator overflow 


Mesh CP Ae a OF 
>lus 20. eoce Ts y 
5. cove le. T 
Be @eeeeo 
65. eecse 14.49 
L000 bese 100.00 


‘Sand treatment 


The sand plant comprises eight 45- by 12-foot redwood tanks arranged in 
two rows of four tanks each. ‘the tanks have false bottoms of l-inch square 
strips of wood spaced 1 inch apart and set on tapered joists to give a slope of 
lL inch per foot toward the center. Coco matting is placed on the strips and 
covered with 12-ounce duck. JEach tank has a normal capacity of 650 tons of dry 
sand. A main rubber~lined wooden launder placed above and between the two rows 
f tanks delivers the sand feed to lateral launders leading to the center of 
2ach tank. Feed and solutions are distributed by a two-arm revolving launder, 
1 6-inch overflow pipe is placed a few inches below the top of each tank to 
lraw off slimy solution which is replaced with sand when filling. Tanks are 
lrained through a %inch pipe set in the floor near the wall. fThe slimy over- 
‘Low and drain pipes lead out between the rows of tanks where they connect to 
respective 6~inch pipe mains laid slong the ground. Sands are sluiced through 
nn 8-inch-diameter, central discharge opening which has a gate that seats on 
sue under side of the discharge flange. <A shaft connected to the gate and 
uided by a spider in the flange passes through the sand to supports above the 
vank. The upper end of the shaft has a screw thread and handwheel which opens 
md closes the gate. A inch pipe line is laid umer the center of each row 
f tanks to draw away the sluiced-out sands. High-pressure water and barren 
lution are tapped into these lines to clear any "plug—ws.! 


The tanks are set high enouzh for the pipe lines to carry solutions and 
‘and residues to the pumps at the lower end of the plant. 


Tanks are charged in rotation, and usually one is filled every 24 hours. 


First they are filled with intermediate solution, which is replaced by the 
ands as the tank is charged. The overflowing solution, which is quite slimy, 
s pumped back to the classifiers and primary thickeners. When a tank is filled 
ith sand any remaining solution is drained out and a head sample taken with 
- ship's auger. About 25 pounds of cyanide cakes are then laid on top of the 
harge, which is flooded with full—-strongth intermediate solution continuously 
or about 2 1/2 days without any eeration period. Next weaker solution is added, 
ollowed by a water wash, and the sands are drained and bored for a tailings 
ample. The drain valve is then closed and fresh water added to make the sands 
obile for sluicing, which is done by opening the discharge gate and allowing 
ater and slime residues to flow onto the charge through the revolving launder 
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and wash out the sands. ‘The Winch sand-residue lines terminate at a suction 
box of the 6-inch Wilfley residue pump where the sands combine with the residues 
from the slime plant. 


Pregnant solution drained from the charges of sand flows to a sump tank 
and is pumped to the clarification and precipitation unit. 


A summary of the cycle of operation in the sand unit is as follows: 
hours 
(1). Pill tank sth solvitionecsivsseistecswsciscveveeesee Y 40 ? 
2 


(2) Pill Gank with. sandsiccssiss'sonsiseas vseeeeeewes sine 
( ) Drain and SMNIPLSscceccccccvccsecessssvsevessssesesese 


( ) Treat with full-strength SOlutloneseccccscssccceseecces 60 
(5) Treat with low-strength SOlutlonecveccee ieGeesewe eee 30 to ug 
(6) Wash with fresh WaAGET © & o.:4.6:0)0.0) 0 O06 06 Sek oh eee we ee’ 16 


(7) Drain and BAMD 1 Csciiwide we 55660 swale nee ca eet heeeune ees to lo 
(8) Saturate with water for SLUICINGse cccccccccrccvcsesese y 
(9) Sluice out with slimes and water....ccccccececceeces 12 
(10) Interval of lost Gi MO 66.6 64 6 6050.06 0660.00.06 68666 VOT IAOLe 


On a basis of one tank charged with sand every 24 hours, the time of 
actual treatment or contact with cyanide solution is about 5 1/2 days. 


One man on each 8-hour shift. has charge of classification and sand treat- 
mente He is also the head operator of the entire plant during his shift. 


Slime treatment 


As stated before, the fine or colloidal slimes from the hydroseparator 
overflow are pumped to a 100—foot-—diameter, center-pier thickener; where colloids 
from the 40—~foot thickeners at the mill are also treated. ‘The reservoir for 
the thickener mechanism was built of sand and slime residues which were pumped 
to a ravine above the plant and deposited as adam. Colloidal slimes made the 
reservoir virtually impervious and in a short time filled in the irregularities 
and formed a basin about 120 feet in diameter at the top. ‘The mechanism is 
supported by a 42-inch—diameter steel cylinder set on a concrete base and con- 
nected to the bank of the reservoir by a steel bridge and trestle. A circular- 
feed well surrounds the cylinder and rotates with the two rake arms. A 3~horse- 
power, geared-head motor drives the rakes at a tip speed of 16 feet per minute. 


The clear solution overflows through a steel launder, hung from the side 
cf the trestle, to a 6-inch pipe line which leads to a sump tank. ‘The solution 
ls then pumped to the classifiers for dilution, to the sand tanks for leaching, 
and finally to a 9,700-ton-capacity storage reservoir built of residues de- 
posited in a ravine above the vlant. 


The thickened underflow, which contains 24 percent solids, is drawn off 


the bottom through a Winch pipe laid along the sloping bottom of the reservoir 
and connected to a -inch, duplex, Dorr-type diaphragm pump set on the dan. 
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From this point the pulp flows by gravity through a inch pipe to the filter 
unit where tonnage measurements are taken and the pulp is distributed equally 
to the three filters. 


Approximately 200 tons of colloidal slimes are treated per day in this 
thickener. COaustic-starch solution usually is added to aid settling. 


The underflow from the hydroseparator is pumped to two primary 60- by 
le=foot redwood—tank thickeners set in parallel. These thickeners have a 
hi-head Dorr—type mecnanism and are driven at a rake~tip speed of 20 feet per 
minute by 2—horsepower, geared—nead motors. Each thickener is equipped with 
an annular overflow launder. ; | 


As most of the colloidal slimes have been removed the settling rate in 
these thickeners is consideravly faster than formerly. 


The clear overflow solution is collected in a tank and pumped to the head 
of the sand=plant launder to flush the sands into the tanks; it is also used 
to leach the sands. 


The underflows from each of the two thickeners, which average 0 percent 
solids, are combined in a junction box where fresh cyanide and lime are added 
and the pulp is diluted to 42 percent solids with barren solution. A 2-inch 
sand pump then delivers the pulp to the first of three agitators set in series. 
Tonnage is measured ahead of the agitators. 


The agitators consist of 16- by lfoot redwood tanks equipped with Dorr- 
type agitating mechenism belt-driven at 3 r. De Me by a 3+horsepower motor 
through a jack-and—line shaft. Air under pressure of 9 to 10 pounds per square 
inch at the receiver is used in the air lifts, 


Pulp is treated 5 to 6 hours in the agitators. 


After leaving the third agitator, the pulp is diluted with more barren 
solution, and causticestarch solution is added to aid settling in the two 
secondary washing thickeners to which it flows. 


These thickeners have 60- by 10-foot redwood tanks set in parallel and 
are equipped with mechanism of the same type as the primary thickeners. 


The clear overflow solution (low value) is pumped to storage tanks for 
use at the mill or for mining old impounded tailings, 


The underflow, which has an average density of 30 percent solids, is 
either pumped to the filters for further treatment or pumped with the repulped 
filter cake to the suction box of the Ginch Wilfley residue pum. When the 
capacity of the filters permits, the entire underflow is taken, but usually 
only 70 percent can be treated in the filters. 


‘Normally Uu50 tons are treated per day through this section of the slime 
Unite 
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Slime washing is done with three lL by I4~foot Oliver filters equipped 
with oscillating agitators to keop the coarser slimes in suspension. Each 
is driven by a 3-horscnower motor at a speed of 4 re pe me divided into a 
eycle to allow 11/2 minutes for caking, 1/2 minute for drying, 1 1/2 minutes 
for washing, and 1/2 minute for blowing and recovering. An average vacuum 
of 22 inches is maintained at the filter valve, and cake is blown off at a pres- 
sure of 5 to 7 pounds. Scraper tlades are tipped with a rubber strip 3 inches 
wide and 1/8 inch thick, backed with 2-ply duck. This strip is held to the 
steel blade by l-inch iron strips welded 4 inches apart so that the rubber can 
extend about an inch beyond the blade. Filters are covered with twill and 
wound with No. 12 gage wire spaced 1 3/4 inches apart. Cloths have an average 
life of 3 months. ‘hey are not given a hydrochloric-acid wash, as was done 
formerly. 


All-iron Oliver spray nozzles are used for washing the cake with fresh 
water, 


The washed ceke is blown or scraped off the filter and drops into blede- 
type repulpers running at 75 re De Me where it is diluted with fresh water to 
a density of about 3% percent solids. This pulp is eithcr pumped to the sand 
unit for sluicing out the sand tanks or delivered to the suction box of the 
6—-inch Wilflcy residue pump where it combines with the sand-plant residues. 


Filtrate is collected in a receiver and pumped to a surge tank, whence it 
flows by gravity to the heed of the main sand—plant launder. 


One man on each &hour shift looks after the slime treatment and the 
clarification and precipitation sections. 


Residue disposal 


All residues are combined in the suction box of a 6-inch Wilfley sand 
pump running at 1,050 r. p. m and driven through a V-belt by a 60-horsepower 
motor. The pulp is pumped through 1,150 feet of 5-inch, lé-gage, slip-joint 
pipe to the suction box of a 4—-inch Wilfley sand pump which in turn discharges 
it through 270 feet of inch pipe to a Winch header pipe extending the full 
length of the top of the dam. The header pipe is connected in 75—foot sections 
by rubber hose and is supported on 2- by 44-inch posts which project about 10 
feet above the sand when first set in. Spikes and wire are used to hold the 
Pipe to the posts. When the face of the dam is built up to the top of the 
posts new ones are set about 15 feet back. At 15 to 20-foot intervals 1 1/4- 
inch holes are burned in the header pipe, and saddles with 1 1/4-inch short 
nipples are clamped on. Rubber-covered flexible hoses 1 1/2 inches in diameter 
and about 15 feet long are used to distribute the pulp along the face. Several 
are used at one time, and they are quickly moved from one saddle to another. 


The density of the pulp ranges from 30 to 45 percent solids, depending 
on whether sands are being discharged from the tanks. The pulp must be dilute 
enough to drop the coarser material at the face of the dam and allow the slimes 
and solution to flow back to the low point where the solution collects ina 
poole As the solution in the pool clears it is pumped back to the plant for 
further use. 
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fhe face of the dam is built up by setting 1- by le-inch rough boards 
end to end and swporting them in front with 2- by e-inch stakes. Some sand 
is shoveled against the back of the boards to hold them in place, and the 
hoses distribute the coarse material, building it up to the top of the boards. 
At each lift the boards are removed and set back avout 15 inches, which gives 
the face a slope of about 35° after settling. 


At present the face of the dem is 1,000 feet long and 115 feet high. 


A small sump built in the ground at the toe of the dam collects some 
seepage solution which is pumped back to the plant. 


The average life of casings, runners, and follower plates on the 6b—inch 
residue pump is as follows: 


Days Tons of dry solids 
Rubber COSINE Ss iis cd see wes 6 4eend es 91 118,000 
Iron CASLNESecccevcsvsssersecsesseses 36 47,000 
RUDE S600 %.6.00 0404 66sases 004950 eG le We. 16,000 
Follower DG UES aw aw eee e-66ore eee eee ere Le 1/2 16,000 


Two men take care of the residue dem and are assisted by the repair crew 
when the header is moved. 


Clarification and precipitation 


As much solution as possible is passed through the sand charges before 
going to the clarification and precipitation unit. At present an average of 
2,/50 tons of solution is precipitated daily. Of this quantity, 2,250 tons 
passes through the sand tanks and the remaining 500 tons is drawn direct from 
storage in the 9,700—ton—capacity reservoir. 


Pregnant solutions are first clarified dy passaze throuzh two tanks of 
Butters-type leaves. One tan: has twenty Sl1- by 52-inch leaves and the other 
thirty~four 82— by 72-inch leaves. The clarifying medium is 12-ounce burlap 
covered with Pequot sheeting. Uyv-Flo supercel (diatomaceous earth) is added 
to the incoming solutions; it coats the leaves and aids filtration. Qn an 
average leaves are washed once every 6 days. Some cyanide is added to the in- 
coming solutions. | 


A Crowe deaerating tower is connected to the leaves through manifolds, 
and a vacuum of 23 to 24 inches is maintained. 


Solution is drawn fron the Croye tower by a submerged Winch horizontal 
centrifugal pump and forced through a precipitate-collecting system comprising 
four tanks of 60 bags cach. The bags, which are 5 1/2 inches in diameter and 
36 inches in length are tied to bosses that have internel threads and screw 
Onto nipples in the manifolds. Each bag commrises an outer bag of 8-ounce 
duck and an inner bag of bleached muslin. 
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Zinc dust (Merrillite) is fed through a cone into ths suction pipe of 
the pump by a Merrill belt feeder. A small quantity of solution, tapped from 
the pump discharge, is fed into the cone with tne zinc dust. 


Barren solutions assay about 1 cent in gold per ton of solution and flow 
by gravity from the bag tanks into a barren storage tank. 


The pressure on the bags ranges from 1 to 4 pounds per square inch; the 
normal pressure is 1 to 3 pounds. 


Precipitate treatment and refining 


The 240 bags are cleaned wp every 10 days, at which time the pressure 
has built up to approximately 4 pounds per square inch. In the meantime clean 
bags ere tied to cxtra bosses to replace the old ones. When all new bags are 
screwed onto the manifolds, about 12 pounds of Hy»¥lo supercel and 15 pounds 
of zinc dust are put into the cone and pumped into the bags to precoat the 
inside. Thereafter the zinc is fed uniformly by the belt. After precipitation 
begins the barren solution is circulated through the clarifier tanks for one- 
half hour before it is allowed to flow to the barren tank. 


The precipitate in the bags is emptied into a lead-lined redwood tank 
equipped with a two-blade propeller for stirring. Bags are turned inside 
out, and the adhering precipitate is washed with water into the tank. 


In order +o change and empty the bags with as little delay as possible, 
the clean-up man requires the help of four men for about 4 hours. 


Commercial sulfuric acid is allowed to run gradually into the tank, which 
alrendy contains some water and the precipitate. Hnough acid is added to dis- 
solve the zinc and still maintain a certain dilution. The pulp is agitated 
by the propeller, and when chemical action stops the zinc sulfate solution is 
decanted by siphoning. Normally, one or two acid treatments and 100 to 150 
Pounds of acid are reauired for each clean-up. After decantation the precipita: 
is washed three or four times with hot water, being stirred and decanted each 
time. , 


The precipitate is finally washed into a redwood-tank filter below, which 
1s connected to the main vacuum system. Siphoned solutions also are piped to 
the filtering tank, This tank has a wooden grate near the top covered with 
Canvas upon which filter paper and unbleached muslin are laid. About 3/16 
inch of Hy-Flo is sprinkled over the muslin before filtering begins, 


When filtered and partly dried the precipitate is taken up with the muslin 
and filter paper, put into pans, and dried in an electric crier in the refinery. 
After being in the drier about 36 hours, it is broken up and fluxed. 


The precipitate is refined in a No. 125 clay-lined graphite crucible which 
is placed in a circular firebrick furnace heated by a medium-pressure burner 
using stove oil. The crucible is handled by heavy tongs attached to a windlass 
on a revolving boom. 
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Normally 100 pounds of precipitate is obtained from each ‘10-day cleansayp 
A typical flux for 100 pounds of dry precipitate is as follows: 


Pounds 
Sodn ANS é< ds40 esse ewww. > L5. 
Borax ZlLaASBeccccccsccceces 25 to 35 
Silic i eoeoveeeoeeeceoevneege® 59 
IVA GOT 6:ko- wb 6 0.00 6 Wie 6 eae e eee 10 to 2 
Manganese dioxidescecesece 3 
Calcium fluocrsparececssece 1 


L/. Deduct silica (Hy-Flo) added as a 
coating in the precipitation bags 
.and on tne precipitate filter from 
_. the 35 pounds 


The bar .is poured by. tilting. tne crucible on a steel rack so that the 
contents will flow into a rectangular mold. Slag overflows into a container 
wnich is chilled with water. 7 


Bars have a fineness of. 740.in golc cnd 210 in silver and, after being 
sampled by drilling, are shipped to the mint. After each melt the slag is 
crushed and sampled, and the accumulated lots are shivped to the smelter twice 
2 yeare The slag has an average value of $5 cents per pound, avoirduwpoise 


With the exception of the four extra men who help for 4 hours on the first 
day of the clean-up, the clean—-1p man does all routine wrk pertaining to pre- 
cipitation and refining. 


Usually 3 days are required to clean-up and melt. 


Reagents and supply consumption 


Water. — Goler water is used in the following places in the plant: 
(1) Final wash in sand charges; (2) sluicing out sand charges in conjunction 
with slimes; (3) Oliver—filter sorays; (4) repulpinz filter ceke; and (5) wash- 
ing clarifier leaves. 


Cyanide. - White sodium cyanide (91 percent NaON) is added at the main 
mining—pump sump, at the leaching tanks, to the primary—thickener underflow, 
and at the clarifying tanks. A strength equivalent to 0.012 to 0.014 percent 
KCN is maintained. An average of 2,750 tons of barren solution is released 
trom tne precipitating plant daily. Cf tnis quantity, spproximetely 1,800 tons 
are used as wash in the secondary thickeners, 700 tons are added to the 100~ 
foot center—pier thickener, 245 tons are used for dilution in tne agitators, 
and 15 tons are used for sluicing tne sand—tank discnargese 


Lime, —- Lime is added at the main mining-pum sup and to the primary- 
thickener underflow. A strength of 0.003 to 0.006 percent CaO is maintained 
throughout the plant. Lime is used principally to settle slimes, as there are 
virtually no cyanicides in the ore, 
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Zinc dust. — Merrillite zinc dust is used. It is fed at the rate of 0.05 
pound per ton of solution precipitated. Wo sodium plumbite is added in the 
clarifier tanks. 


Supply consumption. - Consumption of major supplies in the operations is 
as follows; a ¢ “eS 4 


Cyanide (91 percent pure NaCN), pound per ton of ore treated... 0.205 
Lime, pounds per ton of ore treatedercescccccecsevcccsccesccces be2O5 
Zinc dust, pound per ton of ore treatedsecceccccccccccccesccce ell 
Zinc dust, pound per ton of solution precipitatederccor.ccecccee e052 
Zinc dust, pounds per ounce of pold bullion.ccccccccccccccccese fe {19 
Hy-Flo supercel, pound per ton of ore treatedsccoccccccccccvee e105 
Hy~Flo supercel, pouad per ton of solution precipitatedescc.cee 046 
Power, kilowatt-hours per ton of ore treatedecccccccccccescres Oe S04 
Water, tons per ton ore rested!) cvadeseceusosuaes ce cosasaauien 1013] 
1l/ Includes water used for milling md for mining old tailings. No 
solutions are discarded on account of fouling. Water losses are 
explained by seepage and spillage in hydraulic-mining operations, 
evaporation in the tanks and residue dam, and absorption by the 
residue dame. 


Plant control 


Tonnages. ~ Sand volumes are determined by measuring the level of the 
sand below the top of the tank staves, Sand tonnages are calculated by divic- 
ing the volume by 23 (the number of cubic feet per dry ton of sand). 


Slime tonnages are calculated using as factors the time required to fill 
a container to a certain depth and the specific gravity of a sample. Determizxe 
tions are made every 2 hours and averaged for the 2lthour day. 


Tonnages of solution precipitated are determined by measuring the pres-~ 
sure head at an orifice discharge from a tank. 


Sampling. - Sand heads and tailings are sampled by a ship's auger; the 
holes are spaced on a spirale 


| Slime-plant head and tailings samples are taken every 2 hours by hand 
(automatic samplers are being installed). Determinations are made of the tota: 
residue, undissolved and dissolved value losses of the general slime tailings, 
and undissolved and dissolved value losses of the secondary~thickener underflc: 
and the filter cake. A little 5-percent potassium permanganate solution is 
placed in the container for dissolved- and undissolved—-value—loss samples to 
prevent dissolution by any cvanide solution while the sample is being taken. 


Samplos of the precipitation—bag heads and tailings are taken by a drip 
sampler, Other solution samples usually are grab samples taken by hand. 
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Densities. ~- Density samples are taken of classifier and hydroseparator 
overflows, hydroseparator and primary~ and secondary-thickener underflows, and 
third~agitator discharge. Specific gravity of the general plant feed is 2.78. 


Screen analysis. - Screen analyses are made from composites of the daily 
samples of the sand- and slime~plamt heads. 


Titrations. - Titrations for free cyanide and protective alkalinity are 
made daily on samples taken from the primary- and secondary-thickener over- 
flows, third-agitator discharge, and clarifiers. 


Assaying. - The cyanide plant has a well-equipped assay office and test- 
ing room where the assaying and testing are done for the mine, mill, and 
cyanide plant. fFour melts each of 2 assay tons of pulp are made on the mill 
heads and the sand heads and tailings, and three melts of the same amount of 
pulp each are made on the slime heads end tailings. Normally 17 1/2 assay 
tons of solution are used in assaying solutions by the Chiddy method. 


Reports. - Detailed daily and monthly reports are made on the ore tonnages 
treated, solution tonnages precipitated, assays, densities, titrations, 
reagents used, bag pressure, lost time, and other data of interest. 


Labor 


The operating and repair crew for three 8-hour shifts comprises the 
following men; 


DLUICING DO66 cscs Sie 55 cee wei saees ee ee ewes es tees 
HOG CMG Wain iio eres Sa 0 oro wae we CSO w Nosh WE CMa ewes 
Sand—treatment operatorseccsecccccccveserccvvcccceveses 
Slime-treatment operatorseccevccscccvcvcscccvccscesece 
Resldue-—dil spo sal. Melis <s:6s.0 oss oo o's 6:0 bnew Seewe see oes 
Clean-up and utility man.cercrcccccscvcccccsesecrseves 
Mechanic-electrician (repairs and maintenance) eeoeeoee 
Welder (repairs and maintenance) ...ccccccscevescccvece 
Machinist (repairs amd maintenance) .ccvccccccscccvcere 
ROS Ga DO tS ss oar oo boo eieala aioe ebie hh Eoob bea ee eek euae 


Damp LOr sc1sawie oe Swiss 65566 6 os wea ewee sew ee oenweee eee se 


~ 
av) 


WOT’ CMAN 6:5 15's 6.6 5950.50 OS. o. 65 WSR a whe ieee 6 ORE Bot 


DUD CLIN tend ONG ooo 65 4k 5.6: Ss eco ala 6 Ow ae eae eas 


BPE OEP eo ee 


SAFETY METHODS AND FIRST-AID ORGANIZATION 


A physical examination is required of all men before they are employed, 
and x=—ray chest plates are made of those who are to work under dusty conditions. 
Examinations are made by the local doctor at Randsburg. All employees are 
given first-aid instruction every year by a safety engineer of the Federal 
Bureau of Mines. <A safety committee of five employees meets once a month and 
makes periodic inspections of the plants. 
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Complete tabulated records are made of all injuries, their causes, and 
the cost to the insurance carrier. 


FIRE PROTECTION 
Water tanks are placed on the hill above the plants for fire protection. 


Fire hydrants with 1 1/2-inch hoses, 50-gallon barrels with buckets, and 
soda~acid and pyrene fire extinguishers are distributed at appropriate loca- 
tions. 


COST OF MAJOR SUPPLIES 
The following is the cost of major supplies, delivered at Randsburg: 


Cyanide, 5-ton lots ceccccecseccccccccccce POF POUNdeesscee (001328 
ines: LOStOn: Lote sch wesors.seseewesureveeeas AOesese vaasion 20052 
Zinc dust, 5~ton LOCUS sowie eesssew se ceewe esas “C060 0us seen 0939 
Hy-—Flo, h-ton Cy Serer eee re dO's6.o.64sn ese 00253 
Balls (Mn) , 4-inch, 10-ton GG Goce ere 6-4rete-are CO ed si bsree eee 00341 
Ball-mill liners (Mn), complete set..cccecee Genccssveses  ec1293 
Sand—~pump casing (rubber-lined) , Gainch. ooc@achescccceescclOlold 
Sand—pump casing (iron), Bane dd iecensaee GD eoccccvcccece 76-50 
Sand—p ump runner, Ee ean Rtn Adeoccccccvcce 326 [0 
Sand-pump follower plates, GHinCNs bcuco sewer dOcecccescses 15.13 


SUMMARY OF OPERATING COSTS . 


All costs are figured on the basis of dry tons of material. 


Table 12 summarizes the cost of. mining per ton mined, including contractors 
overhead md Prete 


Tables 13, 4, and 15 summarize the direct operating costs of crushing, 
milling, and cyanidation. ete 


Table 16 summarizes the combined costs of aiming hitmen milling, and 
cyanidation per ton milled, 3 


Randsburg-office overhead, property insurance and taxes, and assessment 
work on mining claims are not included in any of these costs. 
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TASLA 12, - Mining costs, per ton of rock mined 


From November 1938 to January 1939, inclusive, ou , 747. Ce a ee 
6,790 tons of waste were minede 


Classification Costs | 


Drilling and BLAS 0 LTE wiv wis. eeerane S25 Be ere ecw wee eee pO .O510 


TO Te se acacwvaereadiars! Be ew are asa so es eee Gree ee 00397 
PBA Es ris er6eie ee anv 06a Os Save eS owe ewes 0O5U7 
Supervision, overhead and contractor's profit. 00372 


oY nae i tg EE @eneee 0. 1326 
1l/Total cost per ton of ore mined, including vaste handled, 
is $0,1876. . 


The foregoing drilling, loading, and PEsIaas COs ere rental charges 
for contractor's equipment used on the job. 7 


TABLE 13, - erighiine costs, per ton of ore crusned 


From November 1938 to January 1939, inclusive, ohg, MT tons of ore were 
crushed. | 


insurance 
$0.0016 
l/ Accident compensation and social-security insurance. 


Labor Supervision. sr ie Togonneties, 900 Total 


$0.0487 


These costs include crushing, screening, and waste disposal. Of the 
249,747 tons crushed, 31.4 percent was sent to the mill bin and 68. 6 percent 
discarded as waste. Cost per ton milled is SO. 1550. 


TABLE 14, = iilling costs, per ton of ore milled 


From November 1938 to Te nua ry 1939, inclusive, 78,411 tons of ore were 
milled. ; a | 


| Compensa- 


Classifi Super- Sup- | tion and , |Miscel- 
cation | Labor |fision | Power Water plies | insurance—|lmeous| Total 
Milling. : ; = \e0et 378 
Marketing ie 
bullion. -0033 
Assaying. ©0018 


Total ..| 0.0293] 0.0037 0.0251] 0.0375] O.ONIa| 0, 1{_0, 1446 


1/ Accident SRT and prcreenee ty ees 


Of the water used for milling and cyanidation, one-half is arbitrarily 


evant to each department. Cyaide and lime consumption is charged” to the 
dation department. 
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